.

B e

- ~-DOCUMENT EESUME R

) . Al

ED 143 354 . . IR 005 128

"AUTHOR Mavor, Anne S.; And Others ; - :

TITLE Identification and Preparation cf Derivative )
. Information Products Required by Selected Users of

Science Information. N

SPONS AGENCY. ° National Science Foundatlon,‘Waehlngton, D.C.

PUB DATE - Jan 77 ) ,

CONTRACT ~ sIs 74-14127 . . : y '

NOTE < 138p.; Best copy available

EDRS PRICE MP-$0.83 HE-$7.35 Plus Postage. T

DESCRIPTORS Audiovisual Aids; *Curriculum Design; curriculum

Development; Curriculum Guides; Curriculuam Research'
*Information Needs; *Instructional Progranms;
Researchers; *Science Curriculum; Science Education;
*Science Materials; Science Teachers; Secondary ’
Education; Secondary School Teachers; *Use Studies .

.-~ . . M ]

' ABSTRACT R ‘

. - One area of research with computer-based systems for .
storage and retrieval of science information is the delivery of .
knowledge required by users rather than citations to documents which
contain the needed knouledge. the purpose of thig project was to

- identify “he ki rds® of. derivatiye—information praducts needed by tsers Yo
. of science 1nformat’on and to’delineate characteristics of the user
and his work.which determine how the products should ‘be de51gnea

‘Identification: of derivative information prcduct neéeds was, : >

acconplished through structured interviews with 14 researchers (£rom,

- three institutions) and 12 teachers (from two school systems) active

in environmental science. Product ‘design criteria were determined

through case studies with two researchers and two teachers to develop
products relative .to” their current wcrk requiresents. Res®archem:s

shared a need for eight derlvatlve information products which were

grouped into: (1) content related products, (2) method related

products, and ( special data storage and retrieval products. Pour

of the eight information products described by the high school .
teachers were simifar in structure tc those identified by the

resg;rchers. Specific derivative information products were prepared

for the researchers andwteachers by. information specialists, .
according to their needsfys determlned by the case studies. Materials

» for teachers weree selected to assist in lecture and laboratory,

preparation and to prcvide audiovisual presentations for the
classroom. Resul'ts of the research demonstrategd a need for derivative
informationgproducts which can be prepared by infergation spec1aklsts
on the basis of 1nterv1ews~v1th usexrs. {Author/JAB) "

. . -

-

R

o '

Documents acquired by ERIC include many mformal unpubhshed materials not avalable from other sources. ERIC mwakes every_
effort to. qbtain the best copy available. Nevertgeless, items of marginal repraducibility are often encountered and this affects the
""2"'" of the microfiché and hardcopy reproductions ERIC m¥kes available via the ERIC Document Reproduction Service (EDRS).
EKC s nlot responsxble “for the quality of the original document Reproductions supplied by EDRS are the best that can be made from
;ma . P a , R .

< . . +

-

wll Toxt Provided by ERIC




-

ED143354

»

US DEPARTMENT OF HEALTHN,
EDUCATION & WELFARE
NATIONAL INSTITUTE OF S
EDUCATION

THIS DOCUMENT S 8 -
ODUCED EXACTLY A’?QECEIE\:‘EDREF:?)?A
THE PERSON OR ORGANIZATION ORIGIN (.
ATING IT POINTS OF VIEW OR OPINIONS™ ’
STATED 0O0_NQJ NECESSARILY REPRE.
SENTOFFICIAL NATIONAL INSTITUTE OF
EDUCATION POSITION OR POLICY
- ~ ‘
. <.\

+

IDENTIFICATION AND PREPARATION OF DERIVATIVE INFORMATION PRODUCTS

/

LS

REQUIRED BY SELECTED. USERS OF SGIENCE INFORMATION
/ .

Anne §. Mavor . * -

s

s FECACOLCE THIS COPY

TEAMISS CN
W. S. .Vaughan, Jr. « S=TED VATERA. mAS SEEN GAANTED BY
. ‘ St VPR PR -
' . S. Kidd
‘\ g . = ozan 237CNS CRERATING
% . " teE NATIONAL N
' o v FRTHER REPRO
- *mi im{ SYSYEM RE o

)‘ ’ ¢ -
Te,gﬁriical Report Prepared Under

University of Maryland Purchase Order W-148894

and N

Netional Science Foundation Grant Number SIS 74-14127

_ Prepared by:

W/V Associates
3308 Dodge Park Road
Landover, Maryland 20785

-
A

.
*
*
. . .

+ - January 1977, ° i

S ot
MSSCAN DF THE  COPYRIGHT

e

n
Al

gL



. \ S
ACKNOWLEDGMENTS . . = -

hd 1

The work described in this report was sponsored by the 'Info‘rmat‘ion

Science Program Division of Sc1ence Information, Natlonal Sc1ence Foundation.

We would like to extend our spec1al thanks tp Dr. Edward C. We1ss, Program
Director, for his ideas, his encouragement and his cont1nued s‘::ort '
' ' Project wogk in the areas of 1nformat10n search and proto ge s r‘oduct .

preparatlo%was heav1Ly contributed to by Iudy McDtvit and

N}lss McD1v1t 3 MLS from the University of Maryland was resp.o sible for

LA ELE N )

the search aSSOC1ated with the research products Mrs. Zackdw1tz of the
School of Library and Information Serv1ce, University of Maryland, conducted
the literature search and participated ‘in' produ”ct‘asse'mbly for the high school”
teacher. ’ Lo . - d . {

Appreciation is extended to Dr. Iames P. Carmon and Dr. Edward P.
. Warren of the Georg1a Informatlon D1ssem1natlon Center Unwers\1ty _of
Georgia, and to Dr. Donald J. H11}man, Director, Center forjnformat\ion

 Science, Lehigh University, for.providing computer searches ‘of selected

volumes and files. These sea'rchefs led to the identification of several useful

|
materials for the research 1nformat10n products

. Finally, we Would hke to express our thanks to those researchers and _

-

teachers who took the time to d1scuss th ir work and the 1nformat10n needs .
.and produ;:t' formats associated with theiﬁ work . . .

& LT S
> . ’

J

hZackowitz .

==




A

) . . 7
o

"~

. ABSTRACT

I -

'One area of research with computer-based systems fon s’corage and ~
retrieval of smence 1nformation is the de‘hvery of knowledge reQuired ’
by users rather than 01tat10ns to documents ‘which conta1n the needed knowledge
The puts of these future’ systems are assumed to be denvative 1nformation
products whose content and format characterist1cs match the spe01fic need *
charaoter1st1cs of the 1nd1V1dual user. The purpose of the present effort was..,
to 1dent1fy the k1nds of derivative 1nformation products needed by users of
science 1nformat10n and to delineate some of the characterisfics of the user °
and his work which determine how| the product should be’ deslgned .
) The identification of main categories of derivative infor'mation product
needs was accomplished through structured interviews with fourteen researchers
and twelve teachers active in the f1eld of env1ronmental science. The de=

lineation of product design criteria for individual users was accomplished

_in case s‘tudy fashion, working in an on-line mode W1th two researchers ‘and

two teachers to develop gpecific der1vat1ve information products in‘respons€’

' s &

" to their current work requirements . e

1]
Researchers were found to share a common need for eight deriva‘tive

information products which were grouped into three classes as follows

e Content Related Products: Variable 11sts <:hem1ca‘l/phyS1cal/6
behav1oral characterization of variables, effects of variables on -

-

selected sets of other variables #ooF

e Method Related Products Descriptions of major methodological .
approaches, prooedural guides, alternative instruments for- R
measurement and analysis. :

) Special Data Storage and Retrieval Products: Charts/maps for
research site selection, baseline data on selected, S1te

Four of the eight information products described by the high school ;

teachers were similar in structure to those identif1ed by the - research%rs B

“These were variable characterizations effects of variab.les on selected sets -
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of other variables, procedural guides and ba seline data. The four $other
- » products identified by the high school teachers were lists of lgcal envlron-

mental’ organlzatmns descr1pt1ons of effectlve teaching methods char- E

acter1zat1ons of avallable laboratory exercises and pollutlon standards for

local streams. , . - e

Specific derivative information products were prepared by information-

spec1al1sts with no particular traihing in 'the user s field of expertlse. The
spec1f1c des1gn of each product prepared for the two researchers reflected the
user s present knowledge of the problem, the dec1s1on task in the overall o
research pi‘ocess which he needed to resolve, the’ way in which he structured
the varlables of concern, and the strategy by which he chose to approach the .
problem. Type of content presentation depended upon the sophistication or

f staqge of development of er proplem area. For w'ell:developed content areas .
he needed the barést of results summaries as best presentéd in charts, graphs
taoles ‘or figures; for problems 1n an early stage of development he needed nore

'dlscurswe content partlcularly exerpts from Dlscussmn sectlons of journal

A

. ‘ art1cles where the author's ‘idelas are presented about what the results mean.
Product design cr1ter1a for the teachers, on the other hand, were based
on ‘characteristics of the student population for which the products ‘were in- .

tended. Topics were chosen which were most salient to their day-to-day | .

+
N

) experiences. Only the most well-established facts were needed: presented .
in the most _Straight forward manner " As with the researchers, graph1c

represen\tatlons of concepts and data were found to be most desirable.

’

. Overall the resulits of the clrrent work documént, th\e\need for derivative

’ infonm'ation products, and demonstrate that highly acceptable products can.

[ 3 N 9

s be prepm'ed by 1nformatbon spec1a11sts on the basis of structures determined

- . 1n task-aqalysm mterv1ews W1th the user. . .. > - ot .,
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. as producers

" ‘ ’ ’ * M ' , .‘ . -
IDENTIFICATION AND PREPARATION OF DERIVATIVE INFORMATION PRODUCTS
‘ REQUIRED BY SELECTED USERS OF SCIENCE INFORMATION -

' M. INTRODUCTION ' S e

’ LY

A. Rationale

as users are notyeadily satisfied by the information provided by scientists’
Formats of journal articlés, texts handbooks ahd the like

are structured to accommodate. th.e details of an experiment problem area

It'is generdlly assumed that the information requirements of scientists '

AN

rev1ew data compilation,etc., based on the orientation and perspective of

A4

-.the producer at a given time in the development of the content area of con-
cern. A scientist as user on the other hand, encounters an information re- e
.quirement in another time and from a unique background of education, ex-
perience and expertise. His spegific information problem ariges in the course
of his work as-researcher, teacher, advisor to policy decision makers, etc.
. The information he needs is contained in the scientific hte;ature but is not ‘
directly accessible in the form required. He must locate and review,a large
number of original articles in order to compile information relative’ to a very
'Yimited content area or question. He needs a derivative 1nformation product
and he typically constructs it himself since the product' 5 usefulness depends
O.L\flpon the interplay of factors best known by him: what he aiready knows about .
the content his approach ts the, problem solution, the spec1f1c task or decision’
the product is to support whether he will use it h1mself or provide it to his
Students, etc. All of the se and potentially other highly 1nd1v1dual and time-
dependen}: characteristics.gf both the sment’ist—user and the,conte_xt of his
work. specify the utility characteristics of the derivative information product.

{

Present information systems re/trieve citations ‘and deliver documents to the
user; 1f more were known about the derivatme 1nformation products he gener— .
a'tes from the documents, perhaps future systems could scan and exerpt docu-

ments according to the specrfic characteristics of the individual user's needs.

-
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The current project was undertaken as a beginning effort to empirically

iy

document the existence of derivative information products and provide initials . .
-

|
answers to the following questrons

® What are the main catecorms of derivative informatien ,products
generated by user scientistd in research and teaching rolegs? )

e ‘Under what circumstances does the need for derivative products
occur in research and, teachmq acttvrty’?

: Y What’crrterla gudc the design and format of de‘nvatwe information
products ?

-

e Can scientist-information spccialist interactions be developed \ &
in which derivative information products needed by the scientist «

) can be createll by the information specialist? ° "

. _ _ ‘¢
B. Scope and Conduct ' - .
The project partlcrpants were a small sample of researchers and tgachers . \\

working in the environmental scienc.es. The environmental science area was

- selected because it provides a common problem context and at the same time
involves the use of information from a variety of d1sc1pl1nes . It was felt
that a com“mon context would facilitate’ qompari sons between participants
while the interdisciplinary nature of the area would provrde experierce in
approacging the literature in ccveral sc1ent1fxc f1e}ds such as phys1cs,

‘ chemistry, biology, ete~— The two job roles of researcher and teacher were -
selected because sc1ent1sts in these rolfes place a “high demand on, the , .

sc1entific..14tex:ature.. -Adda,tronally, the—dﬂferences in purp0ses ‘and’ perspec-

tives of these two groups were cons1dered as poss1ble_sources of var1atlon

Jdn mformation product format reqliirements. Aasmall sample-was used because

of the inZdepth, exploratory character of the proJect . -

The project was conducted as a two-phase effort. The first phase was »

. . - Fg .
. ‘devoted toathe identification of major catagories of derivative information .

products either used or desired by reseédrchers and teachers. Th1s was ac-

. complished by a series of in- dcpth interviews w1th each part1c1pant d1rected

. ~ . E—
[y . . " .




Pl

-
~

-

§

at describing actual practices of creating products from original sources in

. support of research, and teaching related tasks . The second phase involved

the development of prototype products based on the character1zations developed

“in the f1rst phase. ®The’ part1c1pants in this second phase were two teachers
and two researchers. The work required 1ntenswe analysis of task needs, ’
elaboration of~ ap;roprlate product formats .from pnase one, and the selection
and compilation of relevant 1nformat1on into responslve information products.
Product creation was accomphshed with the as51stance of graduate students

) attend1ng the College of L1brary and Informatlon SerV1ces at the Umniversity

Completed products were provided to the’ sc1ent1sts for review

QO o .

All products were accompanied by the full set of documents'

of Maryland
and comment,
used in product development. Each ’scientist was asked tb examine products
for ease cf use, for completeness and for appropriateness of organization.
One of the rnajor concerns ‘was whether the- material included in the pl%ducts
was adequate to the scientists information need or whether this material

needed to be .supplemented by sections of selected dod:uments which were

not. 1ncluded in the products. T
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II. INFORMATION NEEDS AND PRODUCTS REQUIREMENTS

- 4 : .
L Thi“s‘section of the report describes the procedures and results assqci-
ated w1th the information requirements analysis phasé of the project. ) .
Spec1fically, it presents detailed characterizations of the researcher and

N

teacher particrpants of the task analysis procedures of the basic research’

and teaching tasks of the' 1nformation needs assoc1ated w1th each task'and of

the,prodaucts required to meet these needs(. ‘- . T
. ' oy < * R « e . . “
. . A. Researchers - R
. . ’ . 2 .o
- . 1. :Participants and Procedures % < i

" Fourteen Ph. D. SCiélStS engaged in problem-orientetf environmental 5
, research pro;ects were selected as part1C1pants . Table 1 shows the insti-

tutional affiliation the specialty and the project area of each researchar.
Three institutions are represented in the sample University of Maryland '
. _ with six partiC1pants Chesapeake Biological Laboratory with six participants a
\ and the Smithsonian Inst1tution w1th two part1cipants W1th regard to areas of
speciahzation twelve of the fourteen researchers classified themselves in o
su(bfields of biology, one in chemical engineering and one in biochemistry. '
-7 The specific projects being conducted covered a wide ra'mge of topics
ioréac‘luding population dynaimics and species competition among paramecia, \‘ |
dietary requirements of bl{ie crab larvae andvpattems of genetic variations in
_white pines. Some of these projects were conducted in the field and some '

were conducted in the laboratory Skme involved variable manipulation and

others involved variable observation and measurement
. ) . f '
In-depth interviews were held with each researcher for purposes of
identifying project-related, infoarmaticé'x needs and the preferred-formats forgpre-
. . . | L - ‘ . e . .

senting the needed information., These interviews-were str-uctured around the

. tasks performed in conducting a research pf;'oje’ét.' T:hi.s‘ task approach focused '
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, Table 1., Regearcher Participants .
&L
= ) - : ) )
. Location - " Speciality ’ Project '
L - T - ~ -
University of Maryland - f o
e Zoology Department * Evolutlonary ) Populatien dynamics and specigs’
A BCologlst competition among paramecia. -

17 d

¢

———

1

{

t

Aquatic'Ecologist

.
.

~

‘

Distribution patterns of aquatic
insects asa function of environ-
" mentgl gradients - . g

Behavioral
Fcolog1st

Protozoolo g1 st

B -4 -

.

“‘_7
Nature of inter-species competi-
tion for focd and habi gt\ resources.

Taxonésmlc and morpn(clloglc class-
1f1catlon or clha*es . JF

!
|
i
1
i

Neur blologlst

H }%{.# .

+
Effects of asg mn andsaspirin

A
analogs orv}dell membra‘r’x’é potential,

1
!

e Botany Department

~

f[ Pla‘

-

.

netrcrsl\

Patterns of genetic, var1atlons in -
' white pine and the effects of en-
V1ronmental cond1t1ons .

1 Chesdpeake Biological
Laboratory

SNV

Marine Biologist

(3)

. I
T - PE) ] €
® Slgmflcance of strlped bass
spawning ground in upper
" Potomac River., . N

v
e Diet of blue crab larvae at
various developmental stages. -

e Effects of Qredgegi spo1l dumpmg‘
op shell fish populatiohf.

-

‘e ann'onmen;al requ1rements for

'

1.

mallards and hybrids.

-~ e culturing, oysters in the laboratory |
on a large-scale. - e
Chemical Hydrologic-characteristics of the
Engineer . upper Potomac River, .
AT T oy Y -
*~Physiological , Applicatidn of electrophoresis to
Ecologist differentiation among black ducks,

Zooplanktoﬁ '

Biologist

Living carbon as a source of food
for zooplankton, .

s .

- N

%
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V.

. ; Tahle 1. ‘Researcher Participants (Continued)

“ Location °, " Speciality Project (

.
-

Smithsonian Institute

| @ Rhode River Project Biochemist 1 "Phosphorus recycling through_
o . o | forests,
’ e Radiation Biology - anix)gnmental Marsh productivity as measured
) Laboratory * * Physidlogist by carbon exchangs. <

) ) , . : v
the discussion with the%earchen on the step-by-step process of imple-
menting a research project. B_ach of these steps has a potential for genher-
ating the need for information Support either to complete that step or to initiate
the next step. Two interview duides were developed: one included an out- .
line of task. areas and questions related to laborator,y manipulation research,

the other listed tasks required in field observation projects. (See Appendix A

Each outlme was composed of. ten Jajor tasks.. Several of the tasks were
. s ,

- . commo'n' to tloth types of projects. These were: .

.- e Define research problem. ) , -
"' o Select or develop apparatus. -
*i+ e Select mea'surement methods - -
& - ‘e Collect datfa ’ ‘ - ‘ o ﬂ %
. ®. Analyz e = b ) »

e Interpret results.,

S ‘® Report results:

PSal

Those tasks that were tniqde ‘to. ths field observation projects included
. characterization of the*esearch environment selection of specific research
- site(s) and development of a data collection and sampling plan The tasks Y
specifically associated with laboratory manipulation projects were identifi:-

cation and description of independent variables development of experimental

désign, and -mainte_nance and culturing of organisms in the laborai_:ory. .

{ , g : & :
v o A - , /
. . . .‘ N . ' \g‘ : - ’
. . . ° RN

o /‘

- .
e




The first step in each 1nterv1ew was to describe the.purpose of the meetmg

%
to. the researcher The purpose being to identify information needs and pre-

st‘-ep involved having the'researcher select for discussion a recently comple.ted
or.on- go1ng project, which required information support at one or more stages.
Third, the researcher was asked to rev1ew the two 1nteI°V1€W guides and
choose the one wh1ch best matched the selected pro;ec:t The fourth step
in the 1nterv1ew process wa's the step- by- step distussion with the researcher .
concerm:lg each task,, the information needs or questions associated, with that
task, and the 1nformat10n products e1ther created or desired by the researcher
to allow for most efficient use. The average length of these initial interviews
was one and one- half to two hours. S T N
The results from the 1nterv1ews were summarlzed and the\potentlally useful
mformatlon products, listed. Structural outlines were then created to char-"
acterlze each identified product. A second set of mterv1ews was conducted
w1th the- resear/chers to modlfy and elaborate. the product outhnes.

2. Results. . . .

All of the,research proJects d;gus sed in the interviews were
problem or1ented and in most cases the researchers were concerned with
applylng a familiar methodology to a new content area or to a new set‘of
env1ronmental ‘conditions, The results of the 1nterviews led to the 1dent1f1—
- ‘catlon of eight information products_. Table 2 shows the relationships betw_een

information products and research tasks; some of the products were ident_ified
‘ as°being useful for more than one task. Three of the tafsks develop experi-;- y
" mental design, collect data and prepare report did not require any direct
.1nformat10n support for the sample of researcher participants, Development
of the experlmental deslgh relies on knowledge galned in the accomphshment
of other ’sasks sucPFas selection of variables and selectlon of methods and

therefore, 1nd1rectly draws on the informatlon products supportmg those tasks.

A — . ] .
.

sentatlon formats,assoc1ated W1th the conduct of a research project. The second

-




Table 2.

Research Tasks with Iriformation Prodirc_ts

-

Research }'/ésks

Information Pr‘oducts. v

1. Define Resegrch Problem

o List of variables relatefi to problem
area. o

. = . ﬁ &\«

/ — -
2. Des;:?é and Select
\ \?‘ les .

—

-

. @ List of riables related to probl%m
area, }ﬁ .

. @ Characterizations. of eriables in terms
of physical/chemical/behavioral
properties.

e Effects of a selected variable on other
variables. )

3. Characterize Research

Environment . .
LI 4

et ¢

e Charagterization of varjables in terms
of physical/chemical/behavioral

Q;operties L%

‘® Effects of selected variables on other
variables .-

4., Select Research Site(s)

[ 3

4

° Maps and charts specifying topo- ‘
graphical information :

o Baseline data on selected variables

"such as rainfall -distribution of
: , ot biota etc.ﬂ. o s
v B «"‘1 Y .rf\.‘ ' . . .

e. Descriptions of major methodological

alternatives. \

. Select Resear%ethods
- o </
~ . ‘ - £l -

@ Procedural guides for sémpling,
culturing, etc.

—

;

7. Select/Develop Appa:;a‘tus
! ' . * -~ . .

-

) Characterizations of altemative instru~
ments for mea surement, and analysis of
selected variables -

8.. Develop Data Collection And
Sampling Plan

e Procedural guides for 'samp')l-ingk',
wulturing, etc. i

e,
¢

,!’t
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Table 2. Research Tasks with Information Products {Continued);'

Research Tasks : - Information Products v
.9.Analyze and Interpret Data | e Characterization of variables in terms
. of physical/chemical/behavioral
N ] : properties,

& Effects of selected var1ab1ees on other
variables. -

-

e Baseline data on selected variables
- ' such as rainfall, distributm“h of
-« biota; etc. "

e Descriptioits of major methodologicaI
alternatives, - -

-~

- # S e - 7.
™
Lata collection is the 1mp1ementation of the methodology and procedures i
eport preparation 1s"the writtén presentation of the project- and derives indireci

R
%upport from all 1nformation prodiucts . ) .

Y

The identified information products fall into three ‘general classes: -
content-related products, method- reiatéd products, and special data storage
andfpre.sentation products, The specific products in‘the content class are;

e Lists of variables related to the research problem,, ) . - -

e Characterization of variables in terms of phys1ca 1/chem1ca1/‘
behavioral properties. . | e .

° 'Effects of selected variables on other variable§ or variable . .
combinations. ' 4 o . e

~
® .

Variable lists were mentioned as desirable by three of the researchers In
all cases these lists were used in the tasks of bounding ‘the problem area and
selecting variables to 1nc1ude 1n the study. One example ‘of this product isa.

list of marsh plants ordered in terms of abundanée in Chesapeake Bay. Anotner

ewample is aﬁ of environmental factors that could 1nf1uence growth rates

4

Y i
in white pines. Characterization of variables in terms of physical/chemical/

R LRGN [
behavioral properties was identified as a useful produc’t in the tasks of

AT

&

. . ' g .,'
‘o

10 ,
18 - . o
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variable selection and results interpretati\on by nine researchers, This product

" - can be thought of in terms of a matrix with the rows listing the variables N

a

&

@
~
{

and the columns listing the charactéristics. Some specific examples are .

phys1cal and biological characteristics of trout streams at different elevational
' grad1ents morphological and behavioYal characteristics of black ducks,

mallards and hybrids chemical and physical properties of" ‘aspirin and aspirin

analogs Variable int”eractions or the effects of one variable on another was

mentioned by five researchers as a product need for two project tasks:

selection of ,vcariables and 1nterpretation of resulfs

¢

to present results summar1es from the professional literature primarily in the

. form of;tables and figurés These summaries provide the researcher with a

better understanding of the. variakles under consideration as well as with

_ basis for comparing data resulting from his/her current research efforts An

_ example here is t?he, requ1rement~to know more abbut how environmental con-
A

ditions affect growth rates in white pa.nes . ,There were no differences between
field, and laboratory researchers in their exp,ressed needs for content-related

products. - ' g

.The second, class of products those dealing with methodc-iiogy and pro-
cedures include: } > L ’

s ¥

) Descriptions and evaluations of major methodological altematives T
SR for approaching the selected problém‘aire? K ,3

L3

e Procedural guides for sampling, transporting, culturing

'‘organismsw B X "y .

)

e Descriptions of alternative:. instruments for. measurement and
analysis o \’r . N ,

FRpeT S

4

A description of methodological alternatives for studying ;s selecte@pontent

area w‘as identified by four researchers asa “useful product. Three of the

. four researchers wanted this product for ‘purposes of comparing other

3

methodologies with tﬁe one chosen in terms of reliability, precisidn, unit of
"‘ A
measurement etc.. The fourth researche! was involved in selecting vg
~N

h - . 2 .\\‘ \ \

+ . ) . -t EARY

9 e o

This product is structured

Sy
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methodology to approach the research problem The need for procedural
1‘
guides was mentioned by sevén of the researchers These gu1des would

desc:ribe the specific proceduries and techniques for transporting, maintaining

.

"“and growing test organisms m the laboratory environment Some,examples of

AN

.

test organisms a;%gd, in‘the research projects described are paramecia aquatic h

"msects, blue crab larvae and oysters’. A characterization of alternative e

1nstrumentation was neede,d by six researchers; in all _cases the need for .

this product was linked to field research proJects The primary concern was

for description of operational performance and durability inder & seldcted set. i
h' x. *o .,«1‘“‘
of environmental c’onditions such as those existing ina ;salt\marsh a mpuntain

" stream or a large river

The th1rd class of products deals with special data storage and presentation

-

-

They include ’ ) .
e Charts and maps designed for reseatch site selection.
. ¥ Charts and maps designed °for baselmfe data and trend data
Two researchers 1ndicated a requirement for charts»and maps to ass1st in the

selection of a research site. One was interested in topographical features such

" as vegetation elevations and roads in the arés of mountain streams, the other
{

needed information for selectin.g a tidal creek as a site to study. the,char-f
acteristics of marsh detritus. Baseline data were mentioned by three re~.
searchers . The primary need here was for an historioal presentation of
-information on such variables as biologibcal 1nventory in a selected area, water
quality characteristics Or frequency and amount of rainfall . These data were
identified as, useful in the accomplishment of two ta sks- selecting and char- ‘
acterizing a specific research site and interpreting research results obtained

at a selected site.
6%
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Teachers

.

1. Participants and Pfocedures \
a

N . )
Eleven secondary school.teachers and one college professor were

selectecl +to participate. Table 3 shows—the location, the background, and

A

e

\ .
the7cour e emphasis for each secondary school teacher. These teachers were
drawn fro

1 two county schdol systems~ Montgomery County and Prince\l
George‘\s County. With-regard to educatiohal background‘ nine had either
bachelor or master degrees 1n~biology,~one had a° bachelor s degree in ge,o,logy%
and one had a master 3| degree in chemis"i‘y “As compared to the researchers,
the teachers appear to be less’ specialized and to have less formal education.

" THe content ‘of the courses offered by these teachers fell 1nto two ageas:
env1ronmental problems and ecology The major topics covered under environ- - ‘
mental problems included air pollution, water pollution solid waste disposal

N and population trends. - \ . . ’ .

The college professor was associated with the Un1versity of Maryland and
had reSponsibility for a graduate level course in environmental chemistry,
This professor was selected to particfpate for two&reasons' f1rst to provide
a contpa st to the secondary school teachers in terms of level of cophistication )
of needed packages as, well'as the format of't‘hose packages and second; 1:0‘W
take advantage of his expressed interest in the development and use of
information packages for student learnmg both at the Uéllege and secondary - !

school level. One of hisiearlier projects was the creation of an. environ—

.

mental'ch‘emistry module fgse with high scho students
h

. The ta'/sk analysis met ology discussed in t‘he section on researchers

14

,was applied to the in-depth interviews with teachers. yAn interview guide detail-

[N

ing the seven main teaching tasks was developed. (See Appendix A) These*tasks
include: ' ? 7

10 Selecting objectives.

r¢ Determining course format.

. @ Selecting topics.




" Table 3. Teacher Participants H

“Location' ) \ - Background

—— ———— mm————— ]

« e

Montgomery County ] ’
® Junjor Higt@School : Bioldgist (BA) . ) Environmental Problems

7 ., - —X
® Senior High Sc_hool : - Geologist (BA) Environmental Problems

Biologist {MA) Ecology
Biologist (MA) Ecolog_y

4

X 5 ;
. Prince George's County, |, R

e Junior High School Bfologist (Bp)y °Ecology

J— -——— s Z — e a e

° Senicr Eligh School . Chemist Ms) - ‘Environmental Problems

Biologi‘,s,‘t (BA) . | Environmental Problems
"Biologist kBA) | =Environmental Problems
Biolc;gi'st (MA)‘ . Fcology . T
([, Biologist (BA) ' Fcology
) ‘Biologist (BA) E,‘cology

Iihiv'ersity of Maryland ) Chemist (Ph.D..) Environmental Chemistry

Chemistry Department
[

0

; _J 5
Selecting student reading and projects. .
Preparing 1ectures/d1st:uss1on
Selecting laboratory exercises
' Selecting field exercises ’
These tasks were identified in a previous study in Wthh the teaching
- activities of college professorsiwere used as a basis for designing a document
retrieval system (Mavor and Vaudhan, 1974). Fach teacher was askec;l to"
describe his/her course activities \n each task area and the type and organ-_

ization of information needed to support those activities ’[’hese interviews |

averaged from one and one-half to two hours in length. Information needsl

& . -

* . X

-

< § W § F‘K‘.f}!i"g .
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and prduct characterizations'were summarized following the initial set of

interviews. A second round of int(erviews was, conducted to mc dify and

elaborate these characterizations N
. 2. Results — Secondary School Teachers v

. Results of the interviews,led to the following general course
descrip'tions All secondary school cou:ses were‘formatted to include lecture,
hd laboratory and.field work with the smallest percentage of class time be1ng
' devoted to formal lectures Course objectives were of two, types: content
object-:ives and process objectiveé The content objectives were aimed at,
students gaining knowledge of key concepts and facts in order to de‘Velop an’
understanding of the environment and the factors that effect environmental ’
balance The process objectives dealt w1th students developing skills in -
5 applying research methods and. j_echniques All\“achers mentioned both ‘
tyves of objectives: however, some placed mﬁf«‘e emphasls on content while
others focused on process As mentioned earlier, cpurse topics were in the
areas of environmental pollution prpblems and ecology _For'the, most part,
top1c selectioh was guided by the curriculum. The function of the la-boratory
o was td teach students-the use of stahdard research methods and techniques’
and to demonstrate, experimentally, principles discussed in the lecture portion -
of the course. In some cases students were_asked to design independent
laborat'ory projects and write a report describing the results. Teachers were
‘interested 1n insuring that the exercise G in the laboratormere integrated
with the d$opics being covered. Each course had a field work component
which was designed around monitoring and mea suring chemical, physical
“and biological activities in local streams. This field work was part of a
? Qcounty wide program in both Prince George s and Montgomery Counties
Wherever possible attempts ‘were made ‘to fully in’cegrate the field work with
the laboratory and lecture. In one instance, the field effort was used, as, the

-~

core component of the course

K4

~
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Four of the seven teaching tasks discussed in the interview were .identified
as requiring information support. These tasks are: select student reading,

"prepare lectures/discussions, select and prepare laboratory exercises, and

v
-

select and prepare field exercises. Table 4 shows the eight information
products which relateAto these tasks . Several of the products described .
by teachers as useful are similar in structure to those identified by researchers.

These products include: a. "

° Characterizations of selected enV1ronmental variables in terms
of chemical/physical/biclogical conside\rations

: ° Effects of envarenmental pollution on plants an1mals humans;
interactions of environmental var1ables s -

4

® - Procedural guides for taking and analyzing samplés

. ® Baseline data-on selected variables s\uch as water quality,
*  distribution of biota, , etc. A

Characteri,zation of variables and the effects of variables were 1dent1fied by
31x teachers as being useful for developing student reading and for pre-
paring lectures In supporting the task of .lecture preparation, these products .,
ser(ved two purposes providing the teacher with new information for his/her
understa’ding and with materials such a/s charts, .tables, and figures that
4could be used to graphically demonstrate principles to the students The
major concern of he secondary school teachers was to present topics in a
T _ wdy that motiva ed the students to learn. The sophistication level of thé »
material neede by teachers differ¥d sign1ficant‘ly from that required by re~
, seanche s. Teachers wanted simple explanations accompanied by graphic
presbntation of selected varia,bles and their effects that would be under-
standable -‘ high school students~ reseagchers required exhaustive descriptions
: in these arq as as their task was to select variabie sets to include in & re-
i ' ' search pro ect. The third product mentioned by’ both .teachers and researchers

)

was-a pro edural guide. The four teachers indicating a need for this product

. 1 4 -lge
3 wer:e ,looing for simplified descriptions of field sampling and analysis
Y - | < * ' . A .
/ 16 ’
v’ & - "
- .- 24 -
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« Table 4. Teaching Tasks with Information Product,s'

v B

Tasks

Information Produgts

—_

1, Select Student Reading

>

‘e CHaracterizations of selected en-
Y CO '

vironmental variables in terms of
-chemical/physical/biolagical
‘considerations

e Effects of environmental pollutants
‘on plantg, animals, humans; |
interactions of environmental
variables i :

2. Prepare Lectures/Discyssions

4 3

4

b

-
2
KN

e Characterization of "gelected en-
vironmental variables. in térms of.
chemical/physical/biological
considerations.

-

e Effects of environmental pollutants

on plants, animals,.humans;
interactions of environmenfal
variables.

® Compilation of local environmental

s

and reports,

e Compilation of effective téaching_
% methods . . -

\ i

organizations, events, individua"ls’,‘

. _‘ - 3 . Select and Prepare I_aboratory
: Exercises .

-

- wdifficulty level, length etc.

i
o DescriptiOns of laboratory exer-
»cises in terms o :durpose topic,

»

\{1 . Select and PrepareField
Exércises ™

Al

. Pollution standards for variables
. being monitored/measured in~local
streams . ’

v

° Proced“ufal guides for taking and
analyz'ln\g samples., - P

T.e Characterizations of viriables in

similar field, research sfudies.

e Baseline data op’ selected variables

'such, as water quality,.distribution
of ‘biota etc.

o
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. precedures . The requirement was,‘for descriptions that. could be used

d1rect1y by students. Researchers needed a product that would present the

most sophisticated and precise techniques available, The fourth commonly
mentioned prodg_ct was'baseline data on environmental conditions and biol€>gr R 2
ical d1str1but10ns in a selected field reséarch area. The four teachels N

P
describing this need were 1nterested in prdviding students Wlﬁq a general

R - idea omhat to expect m' the field study area., All mentloned the rec;uire—

. ment for szmphfied keys to a3s1st in the 1dent1f1cation of locaol blota The

researchers' need for egv1ronmental ba seline data was for use in 1nrerpret1ng

1] ’
research pro;ectiesults. ..

' B

{*
<Four addltlonal products were 1dent1f1ed by teachers as being of use n

course-related tasks. Two of these provided support for lecture preparatien.

. They were: , - . ‘ ’ '

- Ty .
-

e Compilation of local environmental organizatlons, events
individuals and reports.
\
° Compilation of effective. teaching methods )
The description of local organizations events and 1nd1v1dua1s was descmbed

as a need by five teachers., This informatlon would be used to prov1de

studelits with local examples of topics discussed in class, to plan part1ci- i

2

pa'ti{)n in local events and t dent1fy potential outsidé speakers on selected

tOplCS. The compilation of teachihg methods was mentioned‘by thrce teachers
.These teachers felt that their presentations could be improved if they were

aware of methods used effectively by other teachers Here'again, the pri- ¢
mary aim was to interest and motivate the student. Anotheér prodm,t mentioned
was descriptions of laboratory. exercises in terms of purpose topic, difficuity “'- '
level, equipment needed and length.— "Pi’ve't‘e‘a‘chers T'a'icaté’d qya.—ts‘this type

of information would be extremely useful in selecting appropriate experiments.

‘e

Much time has been used in this selection process to identify experiments

that can be performed by high school students in one or two class periods

‘“
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and which rely.on equipment that is generally available in high school science
departments. The final product, mentioned by four teachers,wa‘s a list of
. pollution standards for variables being measured in the field projects. It

was felt that this product would be most useful if it were structured to show

I3

the wager’qruallty condltlons necessa%'y for the survival of a‘quatic plants and

~

animals. i E g

3, . Results - College Professor ‘
The college professor discussed the information -nefed/s associated
wit'h a graduate le,vel.course in environimental chemistry. The purpese of this ’
course was to prov1de students with an in-depth coverage of environmental °‘

hem1stry problems. The bas1c format of the course was a series of lectures -

n critical environmental problems These lectures were presented by
faculty domg current research in each, problem area., Lectures were supple—

~

? - -, *
3

>, Three informationv product’swx;ere identified: —

AR Characterization of ¥ariables in terms of source, chemical -
*;7  properties, concentrations, eto. o, e

° Effects of varlables on plants, animals humans, weather ,
pattems etc. : ‘

° Descriptlons and evaluations of mdjor measurement methodologies-
The first two products variable characterizations and effects, were mentloned
1 . as being useful for both lecture prepa?atlon and development of student reading.
Descriptions and evaluations of measurément methodologies we/re discussed
in connection with student reading. Although the purpose of these products'
. differed from those identified through researcheminterviews, their strycture

was similar, Additionally, the source of material to be 1ncluded in the -

products in both cases was the highly technical joumaJ literature.

e h @ .
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II1, DBVBLOPMENT OF PROTOTYPB INE ORMATION PRODUBCTS

+ Phase I act1v1t1es prov1ded ev1dence that general categories of dprivative

information products are needed by sc1ent1sts in both rese_arg:h and teaching

roles. Furthermdre, the resu.lts suggested that, through a -series of informa-

tion specialist/scientist interviews, specific product requirements could be .

structured sufficiently to enable the 1nformation speciahst to prepare a

product whose characteristics would match the part1cular\;u=:eds of the user

] .
SClel'ltISt o -, .

-

The objective of Phase II was to substantiate the vahdity of this propo-

sition through 1mplementation of the process and development of information

3

. products for selected user scientists. Accordingly, two researchérs, a

secondary. school teacher and a university professor were enlisted as partic-
ipants in Phase II §i'ctivities . I/n—dép.th interviews were held with each

participant for purposes o{ éescrif'aing current tasks and topic areas needing.

_ information support“. The product outlines developed in the first project

" phasé were used to guide these interviews. ~Particular‘ e’mphasis was placed

on 51/ borating the approﬁriate product outlines terms of the proJect or

- course content. The results of these interviews were summarized: aﬂd “ué fd

.

as the basis for a second round of d1scuss1ons The('se discussions furthe;r A
“elaborated .and ciarified product needs Th@e four case studies are described
here in terms of the scientist's tasks and information products needs, and
the information specialist's document search process and produvct design

\‘h
-

glrategies.

A. Researcherl » | ‘ CF .

1.~ Tasks and Product Needs ; j L o
Yy ! N C {i‘ > .
The fir”st researcher, a biochemist had just begun a new research

project and was involved “in the tasks of hypothesis development dnd variable

selection. The general problem area of study was the possibility that

° a

AS
0%4, )
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herbicides used by farmers were respons1b1e for the increased death rate o
h1gher aquatic plants in the Chesapeake Bay. The needs of th1s researcher » 3
and the information produc{ts correspondmg to these needs are shown in .’
Table 5. The basic intent of the products was to narrow .down the number of
potential experimental variables; to ohtain information wh1ch wduld assist in
selectmg those var1ables most relevant to the problem. Three types of pro-
ducts were 1dent1f1ed L1sts of Variables, Characterlzatlon of Variables,

and Effects of Variables on Othér:Variables . Lists of variables were required
in r&sponse to two needs: what chemical compounds are being used by apea .
farmers$ and what aquatic plants are being affected ? A characteri'zalion of

each of the locally used co}npounds in terms of degradation over time was

* Table 5. Effects of Herbicides on Aquatic Plants:
Needs and.Infermation Products

Needs B :Products

What chemical conipounds are List of variables: herbicides used by
being used by area farmers? area farmers rated in terms of volume
T . o of usage and increase in‘usage.

®. Characterization of variables: break-
down of compounds over time due to
leaching through soil; sunhght
microorganisms, etc. .

What is the probability that
locally used chemicals are
reaching the water? "

>

2

What aquatic plants are being
affected?

List of variables: aquatic plants in
the Chesapeake Bay ordered in ferms
of death rates. —

-

y WHhat is known aboutthe ef-
fects of the chemical &om-
pounds identified above on
the aguatic plants in the
Chresapeake Bay.

Effécts of selected variables on other
varlables tables, figures, etc.,

showing the toxic effects of chemlcal
compound’ sets ‘on aquatic plant sets.

.




needed to determine which of the compounds had the highest probability of

reaching the water. SpeC1f1c degradation factors mentioned by the researcher
‘ Py

were leaching through the soil, sunlight and microorganisms The require-;
ments for a product dealing with effects and relationships resulted froma

need to know about resear\:h on the toxicity of selected ‘compounds to aquatic

r

plants in the Chesapeake Bay. . - s

(]
2. Search Process and Product Preparation I i

~ The search for materials to Ye used in compiling ther Quired 1nforma-
tion products was conducted by a librar‘y school graduate (MLS) at the ﬁn‘i—t
versity of Maryland. Two procedures were followed in developing the lists ¢
of variables: contacting knowledgeable individuals in the field and ‘reviewing
appropriate handbooks. The names of locally used herbicides and the amount
;of their 'use in recent years was obtained through .an interview with a professor )
éapf agronomy at the University of Nlaryland . This information was not avail-
able in the literature. The list of rooted aquatic plants in the Chesap-aake’{ “ e _
Bay was'provided by a researcher at the Chesapeake Biological Labore tory : B
who also reco;mended two reports dealing with the-subject. .
The search process associated with preparing’variable characterizations
. and describing the effects of on(e variable on another mvolved extensive use
.’;‘f' ~ of the professional journal literature ‘Six steps were mvolved in thi% process.
e “Identify relevant bibliogra”phic sources.
& ° Search bibliographic sources and 1dentify relevant citations. e
e Locate and obtain articf%is ”
> ~ @ Review obtained articles forrelevance. , y . ..
°

An‘alyze relevant articles for author and; journal patterns, review -
references in articles, s s + :

e 'Select extracts and prepare product.: * @

v

Figure 1 presents the steps and the percentage of time spent in accomplishing

L
each step. Approximately 130 hours were spent by the searcher in completing

L

ol - ; ' o Lo

*
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these steps and in assembhng the needed products The identification of

—-., -

relevant blbhographlc sources reqmred 5% of the searcher s-time.. ,x'lfin»,s step
mvolved selectmg the most useful blbhographlc tools and r@nking tltm in
terms oﬁdegree of product1V1ty based on a-review of guides to abstra hng/

indexings serV1ces as well as recommendatlons fr m on-site librarians and

. the researcher The guldes to abstractmg/mdexmg services are orgaruzed

by' subJect and include br1ef descrlptlons of each service in terms of breadth

and depth of coverage.., Two guides* proved extremely usefulvlm selecting

‘the most hlghly focuséd serv1ces for accessing the herb1c1de htcrature.

Searching the blbllograpmc sources and 1dentlfy1ng relevant c1tauons

occupied 20% of the searcher's time.. This process represented tne first level

of screening thé llterature for relevance to the topic and the researcher’ 'S

" information needs. Key words such as the name. of a spec1f1c herbicide or

’e

LS

a he[‘bICIde action were~used to enter the abstract 1nde)\es RevIéw of se~
lected abstracts was guided by key words and the way these words related

to one another. Emphasls was placed on matcmng the perspectlve'of the
abstracted artlcle with the perspectlve of the researcher Weed Abstracts,
Biological and Agricultura] Index, ard Bibliography of Agr1culture provided L
extensive coverage of the l1tgature on the behavior of herb1c1des As the
searcher moved from one b1bllograph1c tool to the next, increasing- redundancy
of coverage was experlenced . It may be that dne or two targeted sources
are all that are necessary for 1dent1fy1ng key articles in a sclected subject
area. o .t

LocatinL and ob?ining articles required thewse of several Iibraries at

the Universif-y of Maryland as well as thé National Agricultural Library.

L

.*Abstractlng Services, Volume 1: Scie'n'ce and 'I‘echnology. Internationg]_

"

Pede\;\atmn of Documentation. . . .

Abstracts and Indexes in Science and Technolog‘y. ‘Owen.‘
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This s)tep, which required 15% of the searcher's time, involved identifying

the location o?]oumal volumes, selecting thgapproprxate article( )" from

- .

those volumes and obta1n1ng needed hard.copies.. A'second level of screen1ng '
‘l-.

)
was accomplished at this stage in the searlrdﬁ?p%cess“ some C1tations thattg}

were identified as relevant from abstracts were rejected upon a cursory

-

ingpection of the articles. ' \

A detailed review of selected articles represented the third level o)f
screening. Khis screening re-&uired 15% of the searcher's time and included
. categorlzatlon of articles into sub-groupings to address specific researcher
questions and eﬁamlnatlon ‘of article sections for possible extractlon and

inclusion i the/ inal product. . Some articles were weeded.out during this

causels

L 1‘
n‘ﬁlevant to the topic. Approximately 80% of the hard copy articles

were too g‘eneral redundant with other articles or not.
were evaluated as relevant and nongredundant; of the remaining 20%, half
weré redundant and half were irrelevant, . Z ' . P ~—
The ‘next step in the search process involved analyzing rele.vant articles
\ for clues to additiorel useful literature. There were three separate analyses
’ in this process. The first required checking the lists of r'e"ferences in each
relevant article for earlier work which might contribute to meetino the re-

e
searcher's information needs. The secand involved searching forward in time

-

by making use of the Science Cfitation‘ Index to jdentify those articles that
cite the key art1cles already retrieved. The th1rd analysis was the determma-
thI’l of author or journal patterns of the relevant articles. That is, certain
authors and journals were represented wlth dgreater frequency than“ ‘o’thers.

* Where journal patterns. existed,»furth'er searching was done in tables of con-d
tentsﬁof recent journal issues. This analysis was of particular value for the
literature on herbicides where 70% of the relevant articles were. found in three

s

'journals_. All citations selected through these analysé@fwere located, ob;'

tainned and reviewed ’for relevance and possible contribution to the final

27
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information product. The percentage of time ‘spent by the searcher in ac- 7 <

compiishing this step was 20%. . )

The final step in the search process-—product development chain was the

T

extractlon and organization of material from relevant articles into coherent °
product' scctions. Here decisions were made as to the information necessary

to adequately meet the researcher’s needs. This step required 25% of the

sy

researcher's time.

3. . Prototype Products - _ i

1 [

Four prototype information products were. preared for the researcher
The process of extracting needed 1nformat10n from collected documents and -
articles and the organization of these extracts mto mformatlon products re~ .

P

. qulred approx1mately 35 hours. , ,
The two variable lists were the easlest and least time consuming to pre:
' pare. These lists of locally-used herb1C1des and aquatic plants ‘in the
“Chesapeake Bay wgre primarily developed through 1nterv1ews with expegts .
Appendlx B shows some example pages from these lists., The list of locally

used herbicides contained 13 compounds ordered tn terms of amount of-use. .

Type of use, " trade name and manufacturer were also included. The list ofg' :

aquati‘c plants presented 15 rooted aquatic plant specics ordered by abundance

and characterized by rate of decrease in recenti years. Additionally, this list
_,identif.ied those plants known to be food sources for water fowi. Both of

these lists assisted the researcher and the information searcher in the 1n1t1al
boundlng of the research problem and in narrowing down the herb1&ei

L

plants to further learn about through a review of the hterature.
' The vériable characterization focused on the leaching and degradation

behavior of locally.used herbicides. This product was integrated with the ..

-+ -

product dealing with variable effects because the effects information logically

. followed the variable characterization ihformation; i.e., what is the nature :
— ¢
» ’ . ' . i

‘ - o - -
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" included on the original list. Some herb1c1des had been researched exten~

% v

of.th-e herbicide and how does it affect aquatic pl’ants . Product preparation
required 'extensive use of the professiohal joumal literature.

Information in the literature was available on 11 of the 13 herbicides
sively while others received little expenmental treatment. The range of
product pages per herbicide was 9 to 49 with a mean of 23 pages. Within !
each herbicide section the available information was categorized as follows

® Mode of action against weed’s
e Characteristics in the soil: toxicity related behavior

- Adsorption by soil -

- Absorption by crop plants

-~ Leaching (penetration) .

- Lateral movement (rainfall)

- Decomposition by sunlight’ - .

-~ Decomposition by m.icrobial activity
e Persistance in water '
e Effects on aquatic plants.

in the subsection on characteristics in the soil, the 1nformati3n wds further

<

d1v1ded by the characteristics of the soil which affect actions of the herbicide.

Y — ‘ >

SOme of these character1st1cs include temperature, moisture content, cation
exchange capac1ty percent clay content, percent organic content and amount
of soluable phosphor. The mater1als compiled on each herb1c1de were pre-
ceded by a summary sheet descrlbmg the ch\emical compound and the effects
, of microdrganisms, sunlight_and leaching through the soil. Table 6 provides

an example of such a summary sheet The final product developed on the

herbic1de problem was a matrix showing the articles published on each aquatic §

plant/herbic‘ide combination. The-rows of the matrix contained the 13

herb1c1des';, the columns listed 12 aquatic plants. This product is shown in

Appendix c.




Herbicides: Atrazine

Table 6. Information Product Outline Charad\erization of Herbicides

-

.

3 .
. Time History of Chemical Change

Chemical Compounds Used -

i

Effects of ~°

£ffects of .

x¢

Effects of "

by Area Fariners in Herbicides _Miqroorgainis’ms Sunlight Leaching Through Soil Other Ef,feCts
} f ‘ - s -
* [} ﬁ .
Atrazine Significant resi- Not signif~ | Leaching limited, Vapor pressure -
. . . dues may remgin | icant under | normally not found be- . €
2-%thloro-4-ethylamine)-6 ; -
lor ylamine)- in soil for over a mm ‘Hg

-(isopropylamino)-s-triazine
~.

~
CH,. . . N
H3
>-cENH-C  Cl
CH, I l
- NN
N7
. "CZNHC,H
I p
/
e

year (Herbicide
Handbook) --.

Half life at

15°C = 6 mos.
30°C = 2 mos. »
(Hague and’

\Pfr'eed)

normal con=J
ditions

(Hérbicide
Hangdbook)

-

/fow the upper foot of
soil, ) .

Readily adsorbed on.
" muck ar ¢lay, de-

[ sorptign occurs
readily.

Solubility in water at
27°C = 33 ppmw
(Herbicide Handbook)

“Rf value:

silt loam = .35 fg .-
silty clay loam = .47 { 4
sandy loam = .89p
(Helling and Turner)

- *»
‘

10°C =5.7 x 10-8
£20°C = 3.0 x 1077
30°C.=1.4x 107°
50°C = 2.3 x 10-5

11

i (Herbicide Hand- \ !
4 -book) .
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The procedure for selecting extracts g include in these products involved,
two steps. The first step was to determine the key contribution’of each article
to fulfilling the researcher's needs? In most cases th.is involved idegntifying
a condensed representatlon of experlmental results such as tables, figures
and graphs._ The second step was to determine the amount of textual mater1al
required to interpret the graphic material. Several strategles were used in’
performing this second step. Some product sections were prepared with only
figures and tablves, some included abstracts, some presented selected text
from Results, Methods and Disc:lssion sections of the journal article. It was
felt that these variations would provide thse researcher with a range of formats —
from which to choose the most efficient for transmitting the needed 1nformat1on
Appendix D provides an example of an information product which 1ncludes
minimal textual material in support of graphic presentations of results. The
information compaction of the product's ranged from 10 o 1 to 4tol. That is,
the amount of mater1al presented in the full text hard coples was reduced a
fourth to a tenth in assembling the information products. The varlous “Iormats
were reviewed by the researcher to determine the most usable and efficient
presentatlon for acqumng needed knowledge. The researcher selected the
format which ’rncluded tables and figures with a minimum of textyal elgb‘oratlon

The products represented signlflcant expansions of Lthe researcher s knowl—
‘edge in. in.the selected problem aréa . Through the hterature review aind product ,
development processes, several additional varlables related to the problem
were identified and elaborated. When the questlon of local herbicides was first

raised the researcher was aware of one aquatic plant, two herbicides, and

three mechanisms of herbicide degradation. The search process identified
¢ B ' h

- >

15 aq’ua"tic plants, 13 herbicides, 6 degradation mechanism$; and 6 so%;_.-

characteristics which interact with- or affect the degradation process. Ad-
d1tlonally, the researcher was prov1ded with organlzed séts of results 'char-

acterlzlng each herbic1de and its known effects on aquatic plants.

14




- - -

- . . -
7

B. Resarchas 2.. g . ‘ .

;- 1. Tasks and Products  ° .

.

The second researchet‘, a cell biologist was interested in studying
tHE poSS1ble effects of food additives on cells and organs and relat1ng these .
to the effects of addltives on behavior. The idea that food additives might :
influence behavior tzyas proposed biz the Nutrition Foundation.in a report sug-
gesting a link between artificial food' additives and hyperkinetic behav1or in
- children. The first task of the researcher, was to. sefect a set of additives ‘
to be explored exper1mentally in the laboratory. Figure 2 shows the 1nforma—
tion needs assoc1ated ‘with ‘this proJect task and the products 1dent1f1ed- as
: being respons1ve. blnce the researcher was 1ﬁ&t1ally 1nterested in exam1n1ng .
the chemicals in additives wh1ch 1mpagct of behavior; ” }t was dec1ded to start i
W1th a product wh1ch compiled mformation on the relationship between hyper-
kinesis and diet If speC1f1c additives were identified in this literature then .
T these additives would be further described in terms of the1r chemical and
phys1cal structure and :f their known effects on cells organs and systems .
TIf spe01f1c add1t1ves were not 1dent1f1ed as linking to hyperkinesis then the
" strategy was to develop agist of colorings, flavorings ar?d preservatives, ’
to, select those which were salicylate-related and to describe.both the

. . ° * \Q . . )
.properties and“effects of these. Based on his prior experimenis the researcher

o

z
2

assigned>high priority to salicylates ag potential sources of cell effects:
.. An additional product needed by the researcher was a, characterization of the =
behav1oral and phyS1Qlog1cal correlates of hyperkinesis - The purpose of thlS

'product was to delineate the various, behav1ors and phys1ologicaLvalues :

. wh1«ch distinguish hyperktnetic from normal mdividuals . These d1stingu1shing
. ¢y
'factors could be used as comparisons with the laboratory results obtained in ’

. . .

the planned, project. As with. the first researcher, all three types of content- Wt

related 1nformation products were identified variable lists yariable char- ~

.. ~

acter:izations and variable effects, . : ) - o :

\.
e

k

.
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- . in what dosages are used
o No N in food coloxfings, flavor- v -
N ‘N: What is the effect of Relationship - 7 ings and preservatives?
dietary variations on . ‘ .| P: List of variables:schemical
Nhyperkinetic behavior? - compounds in food color-
P:'Effects of selected ’ i“?-‘s' flavorings, preserv- . : ' B
variables on other - ) " atives; rates in terms of - \
variables: Data show- - .~ | frequency and amount used. . ~ ) i
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between food additives " : ‘
and hyperkinetic be- ] . - N |
havior, | I R 1 \ F “What are the physmal/ N: What is known about L~
= ‘ ghemical ‘properties of the |- the effects of these T
w . - o \ o compounds used in food P’ compounds on cells, | ~
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— i o - - ‘1 P: Characterization of vari- P: Effects of selected
N: What is hyperkinesis? - ables: chemical structure, variables on’other
) - = — . ‘ synthesis, solubility, < wvariables: tables,
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£ -
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2. Search Process and Product Preparation

The search for materials to be used in 1nformatlon product develop-
\

ment was accomphshed by a library school graduate (MLS) at the Un1ver31ty

of Maryland The process used to prepare the variable characterizations and
.

effects products on both hyperkinesis and food add1t1ves relied principally on

" the professional journal literature . The search, steps and the percentage of L
searcher tine devoted to accomplishing each step were similar to that de="

scribed for the first researcher.- These steps were: '

.~ e Identify relevant bibliographic sources (S%)'. o :

» e Secarch bibliographic sources and identify relevant citations (20%) .

-

e Locate and obtain articles (15%). o -

- - -~ .-

e Review obtained articles for relevance (15%). .

- . ~

° Aha‘lyze relevart articles for-author and journal patterns; review
references in articles (20%) . . ¢

Y

. ® Select extracts and prepare pr-oduct (25%) .

< The three most useful bibiljographic tools were Chemical Abstracts,:

A Biofogical Abstracts and Index Medicus.- The citations identified through

‘.‘A . . . ) a

these sources were obtained at the National Library %f Medicihe and at the .

\}'arious Uni_vers_ity of Maryland libraries. Arevieyv aind screening of'retrieved ‘

articles resulted in the evaluation that approkimatel}%QO% of the articles con-

tained information that was relevant. Of these, ls%presented redundant

ma‘enal Most of thlS redundancy was in the 1nformatlon dealinlg with the

behavioral and physmloglcal correlates of hyperkinetlc behavior, Here de- |
clsions were made to include _those articles pr_ouylding; the most' complete and ‘ \

clearest toverage of the topic area. The use of citations in releyant articles o

- _ proved extremely useful in. identifylng add1tional rel&/ant material for each -

product The analy31s of journals containing relevant mater1als showed that

pattlcular pattern’ emerged on the topics of behavior‘al and physmloglcal "

|
40% of the articles on food colors were publlshed in tWo Journals whereas no

7 G - 41; i
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correlates of hyperkinesis. The entire search and product preparation process
s . . N ' .
required 270 hours. J

3. Prototype Products ! - .

)

The first 1nformation packag developed for the researcher was 128~
pages in length and conta1ned two pr;ucts The first was a characterizatio‘n
of hyperkinesis, the second “focused on the possihle links between hyperkinesis
and diet. The characterization of hyperﬁinesis was divided into two secti‘ons:
Behavioral Correlates of Hyperklnesm and Phys1olog1cal Correlates of Hyper-
kinesis. The section on behavioral correlates 1ncluded descriptions of be-
havior and results of egperiments comparing'hyperkinetic and norrnal behavior
in a variety of situations. The material on physiological correlates was divided
into several subsections such as genetic, biochemical, pre-natal, etc. These
data were useéeful to the researcher in identifying. specific behavior patterns

and physiological values. The product dealing w1th the possible’ relationship

. {between hyperkinetic behavior and d1et included subsec.tions on additives,

nutrition and vitamins. Although an extenswe literature review was conducted,
very little useful 1nformation was found on this topic. The 1nformation that '
was located showed no clear links between specific a’d’ditives or food categories
and hyperkinesis; however, there was some indication that those additives con-

taining salicylates might have some influence on this type of kehavior. The |

i " . - ~
stproduct did not serve the purpose of identifying specific additives to be pur-

sued experimentally but it did suggest that the presence of sal.cylates might
¢ gy }

be important

\
¥

;Th"eiétext step was to develop a list of colorings flavorings and preserva-
tf@m . This list, compiled from handbooks, contained certified and non-certified
food colorfs accompan'ied by color index numbers, artificial food flavorings, and
preservatives Because the number of food additives is in excess of 3, 000,. |
?fTe researcher was asked to review the list and make selections for further
characterization. H1s choices narrowed the number of food colorings to 24,

the number of flavorings to 25 and the number of preservatives‘to 5 (see

° [y

i 3s o ‘ -

:l

»




Appendix B). Many of these additives contained salicylates Purther ‘informa-
tion was obta1ned on each of these compounds in terms of frequency of use in
foods, amounts used and where obta1ned Table 7 provides an example of this
type of listing. This material was uged \by the researcher to fu_rther narrow the
~ list of variables considered for study. Those with Ihe greatest use in foods
could be.considered as most profitable candates for first experupents
' The two major ggndes used in selecting additives for add1tlonal ¢character-
1zat10hs were the quantity of use and the relationship to sahcylates These
characterizations 1ncluded a descr1pt10n of chemical and physical properties.
Table 8 shows an example of the characterization of a selected food color in
terms of physical and chemical properties, chem1cal structure and methods of
) ‘synthesis. All 1nfoxmatlon presented in th1s table was obtained from handbooks
The results were used by the résearcher to determine which compounds should *
further be elaborated through a literature‘revjew on ,effects .
Effects products were prepared oh three colorings: Red #3, Red #40 and ‘ "
Yellovx; #5. These products contained an average of 50paqe:s\ each .» The
major sections wer‘e\: ’ ‘ : " S
e Toxicity studies ' ‘ - -t
e Metabolism ,
‘e Skin and-loca!l tissue- - ‘ - \j
~ & Blood i ' ) )
v
o ) Thyroid gland ) o < . o
M0 . o‘ Reproductive organs . ) . .
'gll/p%ducts contained a vari,_et? of formats ranging from graphic 'pr,_e.s.enta—."
tions‘ to large sectlons of text. The inforrnation cor:rmpaction ratios varied be-~
tween 7to1to4dtol from ‘original articles to material presented in the products,
The process of extraction and organization of relevant information 1nto product

reqmred approx1mate1y 65 hours. A reviéw of the various forma.ts by the re-

searcher led to the evaluation that graphlc predentations of the datd were of

& -

most use when supplemented by excer‘pts from discussion sections which pre-

+
. sented the author's interpretation of results.

. : . © 36 :{ " ‘ .
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Table 7. CHhemical Compounds in Food Additives .
Colc;rings Common Compounds Frequencyxdf Use in Foods Amounts Used Where Obtained .
g (from whom, cost)
Red #3 Erythrosine ’ In order of frequency of 'ADI =0 - 1.25 Dye Specialist
: FD&C Red #3 use: Estimated in- Division of Special-
" 4 . R , ty Chemicals, Allied
« Pharmaceuticals, candy and | gestion per day )
C.I. #45430 ; : - 1.g% Chéemical Corpora-
c;onfectlons, bakery goods, | =1.88mg/day/ t P.O.B
Sodium (of potassmm) dessert powders, sausage, capita on, ¥.0. BoX
. \ . . e 1087R, Morristown,
salt of 2', &4°, S' 7 maraschino cherries, (Food Golors) N.J. 17960
. -tetramdo”ﬂuoréécem cereals, beverages, cos- e
(1deosme) metics, snak foods, ice )
Xanthene dye- cream and dairy, meat inks
Introduced 1907 (Food Colors?
) . i ' .
Table 8. Properties of Common Gompounds §in Food Additives .
Compou.n_ds Physical Propérties Chemical Properties . f)hémical Structu{e How Synthesized ’
Eryth‘rosine- Solubility: g/100 ml. Molecular weight; Dolinsky and Jones ®

Water =9 879.92. \ ; article (1951: .
t Glyeerin = 20 : -. German patent . )
Propylene glycol =20 . C20H6laN2205 ‘ \108,838 (1899) \
“Veg. oil=insoluble | C 27.30% - | Nl o
(Fooé Colors) - H=0.69% a
) £ 1=257.70% .
Soluble in alcohol .+ Nz =5,23% .
absorptlon maximum | O=9.09% :
} 2:\1/IwatkerI —d52;4m t LDgi.p. in rats .(1\7[erck .Index)ﬂ
erck Index o
; * l (Merck Index i oy
« \4\8 . ) ta “.f«‘
| '\ g - : . 4%
< 4 N ‘ ‘N( N ’ ‘ .. __Z'l i £
~ 7 e ‘4.\\.‘:‘ . -~ N ?i
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_ to assist in'the development ahd presentation of selected problems.

= ‘ . 2 ’4 (
. ?
¥ ,

~ ~

G. Secondary School Teacher . )

.

. Tasks and Product Needs® ’
The high school teacher s?&ted to participate in prototype product
development was responS1ble for an environmental problems course offered \
to junior and sepior level students. ‘This course focused on the chemistry
of air, water and solid waste pollution. The teacher's primary concern was .
the development of student 1nteres{ and motivation to learn. One method used
for galnmg th1s interest was the presentatlon .of spec1f1c practlcal problems
which related to the types of pollution covered in the course., Basmally,
these pract1ca( proplems were the vehicles for teaching students about
It was felt that information products were needed

There

chemlstry and pollution.

are three course preparation tasks involved in developing a problem area for

. presentation° select and provide!student reading, prepare lecturesoand dis-

'cuss1ons,uprepare laboratory exercises. The specific information products
4

required in support of these ta sks are:

>

¢ Characterization “of selected environmental variables in terms of -
chemlcal/physmal/blologlcal considerations.,

e Effectsof envﬂonmental pollutants on plants, animals humans.

e Compilation of lochl envirenmental organlzsatlons events,
! 1nd1v1duals dealing with the selected problem area.

° ~Compllat10n of laboratory exercises relatmg to selected problem

areas described 'in terms of purpose, difficulty Tevel, length,

¢ equlpment needed,  etc. . R ,
¢ - o

All of these products were prepared and integrated into one information package
for each of the two practical problem areas selected. The two problems were auto-

mobile exhaust and air pollution and solid waste disposal methods as a source

» . 0f pollution. The next- sectlon will present a d1scussion of the searc§1 o
‘' processes requ{éd to develop these package e’lements A . :- : £

o
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2. Search Process and Product Preparation . s

The search for materials to be used in preparing the products was
carried out by a graduate student at the University of Maryland who was
working towards a Master's Degree in Library Science, The search process,
as shown.in Figure 2, differs somewhat from the steps followed for developing
the researcher information product;,s. ' These procedural difﬁerencefs are due
to the differences in level of information required by the two groups of users.
The rese'archers needed exhaustive coverage of the prof"ess'ional ‘journ‘al
literature, the teachers needed simplified _echlanations of scientific findin’é‘fs.
The $#ve basic steps in'the seafch procedure were:

-~ o Search bibliographic sources and identify relevant citations ., ) ;

. L -

e Locate and obtain materials.

- @ Review obtained materials for relevance.

e Analyze relevant articles for magazine patterns;.review

reférences in books, articles, technical reports. T :
e Select extracts and prepare product. Z , ‘ t
- 2 T e . . .
The search processcand product development” work required 250 hours L. s

Table 9 compares process stebs and searchér time allocation for researcher
and teacher préducts. For the high school level products there appeared to

be no need to perform the step of identifying the most useful b1bliograph1c
tools. This was because the absiractmg and indexing services which serve

as guidﬁe‘s‘ to the professional journal literature were not included in the s\earch
strategy.' The searching of bibliographic sources to identi,f‘y relevant citatioqs
occupied approxir’na‘tely 25% of the searcher's time. The specific sources¢ins |
cluded card catalogs, indexes to government reports such as ERIC, and th?
Reader's Guide to the Periodical Literature Vertical files recommended by J
the librarian were also searched ‘These files contained many valuab.le experi-
ments as well as useful guides td audio-v1sual materials. The seargher

found that the card catalogs and indexes were better arranged for 1dentifying

relevant material on solid wa ste disposal than on automoblle emissions.

¢ .
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! Table §. Time Allocatlon Coxﬂparlsons in Search Process- Produc S
- - - Preparat1on for Researchers and I—hgh School Teachers . oo
B . . - '%i* _ Time Allotation
i H ~ Process Steps -- . : ’
Researcher Teacher
) * o Identify relevant bibliographic * ’
- sources ) 5% -
' e Search bibliographic sources ’
and identify relevant citations ‘\ 20% 25%,
' 3 ' L WL’ocate and obtain materials ) 15% . C18% ¢
- Q _ -
’ ® Review obtained material for
. y relevance ‘ - 15% : 25%
; ‘g — =
® Analyze relevant articles for c : .0
author and journal patterns; ) o
review references in articles - 20% 10%
4 .
®. Seléct extracts and prepare . <
X roduc . 25% 25%
R s 4 P u7< «&a&« N _ °
0, - 5
. ' Most of the information on the automobile problem wds m pubhcatlons dealing
with the general questlon of air pollution. This search off b1b11ograph1c sourceS’

- contmued m parallel with other process steps. As materials were collected
‘ and rev1ewed more poss1b1e search terms-were 1dent1f1ed as means for entering
the b1bl,iographic sources for additional relevant c1tat10ns . }
Locating and obtaining identified ma?erlals requ1red 15% of the searcher s
. » time. This step involvecrgoing to various, hbrarles' searchmg the, stacks
and Vertical flles generally reviewing tables of contents for relevant sections

-

and obtaining copies. Some screening was done 4t this stage to eliminate

A materials that were not related to the toISic Written requests were needed
for _obtaining many of the government documents .o ) I
e - - 2 ° - 8 *
. ) 0 {
. - L4 " (
Y 21.0 ] ' 4 . v
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Information Requirement:
variable Characterization;
Variable Effects;
JExperiments

)

—

—

Card
Catalogs
Subject/Author

ibliographies
Indexes to Govern
ment Technical
Report

Readers Guide
to Periodical
Literature

Vertical Sear ier specific

Files . key words

Search under Citations

. - - -7
|
i to Books

specific key words

Search unde.[ Citations to

Locate

specific key words Technical

«Search under Citations to

¢ Magazine

specific key words
Articles

Citations
‘e
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Information PacKage
Elaborating Selected
Practical Problem

- - ="
3s  List of Potentially
: L Relevant Citations

- &
Search tables of contents Potentially

of recent issues Relevant '
- Articles

Frequent
| Magazines !
e — Yo

>

Aruitoxt provided by Eic:




5

b2
4

. > nt1ally useful titles.
. searche s time as compared to 20% for resea(?h% products/,Thls difference ’

g
N

o -
" Reviewing obtained materials involved a detailed screening process

.Because of the text boak level of treatment ‘of the selected topic areas there

.

was much redundancy in the material. That is, several book sections or

magazine articles provided similar discussion of the same topic. ‘The problem

.- was in selecting mater1al which presented thqﬂesued concepts most effi-

" cluded fwor types of analysis.

o Y
This redundancy question wds srfot a problem in the review
3

The rev1eWgof m&terlals for the high

ciently and clearly.
of journal literature for the researchers

school level products involved 25% of the searcher's tim\g ‘as compared to

15% for research-related products. R

e

Bxam1n1ng relevant material for clues to add1t13*nakuseful mater1al in-

=T e e e

s

. The first analy51s v#‘és a review of reference

/\
hsts included by authors. Thesg lists contameq;zfnany useful citations which

were located and evaluated for mclus1on in thei%ar,oduct The second analysis

was a determinatjon of patterns for magazine t1tJ,es wh1ch contained the highest
‘ ‘

frequency of relevant articles . Two magazines wée identified as providing
the best level of coverage:

Ko
* Mathematics. Review of recent issues resulted in' additional articles

The Sciencé Teacher and School, Sc1ence and o ,,‘

These f‘ §

magazmes also included book rev1ews which leglto the identification of

’

Performance of this step requ1red 10% of the

i5 due to the,more \extenslve follow-up procedures in identifying add1tionally
' -

& »
The last step was the extraction of mater1a1 and the organ1zatlon of those

extracts into final product sections. As with the res‘;@?cher -products this
process ‘involved 25% of the searcher s time. %é*deta\iﬁs of thé extraction

process and the structure of the 1nformatlon’

follow¥ng Section. o & 2‘-’"{ : ‘
cos "o
\5 [ e
- N :
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‘ 3. Rrototype Products

Assembly of the two 1nformat16n packages requ1red approx1mately T

50 hours Information for both packages was organized. into four general

N

sectlons. Problem Description, Problem Source, Problem Impact, and Problem
Solutions and Costs. These sections were designed to provide teachers

and students with a detailed and clear descr1pt1on of the problem scope, the
cau%e o‘f the problen), the implications of the problem and alternatives for .

solving the problem. Materials were selected to assist teachers in lecture

i’ 4.
T R ratory preparatlon to provide audiovisual presentat1ons dor the class-

'd tQ offer a%}range of student reading, . .

> z;féjbl" 4 _ : needs and products associated with each .
i;_«- i :’%a#ckage sect1o‘n on the problem of the automobile and its contri ution to air
pollution, The cgmpleted package consisted of 210 paws/\\'l‘he Prob?em
- Description sect1on included three products which were integrated to provide
needed 1nformation on the characteristics of exhaust components and the
contributiorr of these émissions to a1r pollution.problems . This sect1on was
divided into subsect1ons based on each exhaust component, These subsecuons
are! ’ .
) L - - R
e Identification of Pollution Sources and Air Pollution Stancards ’ P
N e, Carbon Monoxide : . : - . ,
e Nitrogen GOxides and Photochemical Smog™’ -
‘o Hydrocarbons ' 7 ' - 3 ’ -
o Sulfur Dioxide ] '
e Lead ’ - ' ) 7 _—

A Aldehydes - . / '

Each subsection included variable characterizations ahd experiments for ,
identifying each variable The var1able characterlzat1ons 1nvolved descriptions |

v H
of chemical propertieg, behav1ors and amounts of pollutlon contr1buted by

the automob1le veérsus other sources, These characterizations were malnly .

in the forn of tables and figures supplemented by brief excerpts Select1on




Table 10..

~

Information Package: The Automobile an‘d Air Pollution

Solutions and

Costs -~ «.

to the internal combustmn
engine? .

. - -

e What are the cost/effec-
tivéness characteristics
,of these solutions

‘s Varfhble effects:
emissions .from each altefnative |

Package Needs Products
Section b
Problem e How do automobiles con- e Characterization of variables:
' Desg{lptlon tribute to air pollution? amounts, chemical ;rapertles,
® behaviors of
® What are the components com ‘:)lr?ersltz \gxhaust emlssmn
of*automobile exhaust p ¥
emissions and what dre e Experiments/demonstrations
, their characteristics? to identify exhaust components.
- e What percentgge of. air ® Local organizations, in-#
pollution in urban areas - @ividuals working in the prob-
.| . isaresult of Automobile lem aréa .
: emissions ? ) !
f
- . . - . A T [ " N \
Problem e What is the chemical o Characterization of variables:
Source composition of gasoline? chemical properties of gasoline
- terna
e How does the internal and how processed by inter l
. . combustion éngine.
combustion engine pro% -
cess gasolme td create ™ Experiments/demonstrafions ‘
. g emissions? “f to measure chemical compo-
. * . sition-of gasoline., <~ -
Problem ® What is the effect of each 'mVal\Sable effects: results of
Impact exhaust emission com- studies showing 1mpact of each
. ponent on plants, animals,{ comp®nent, e
=~ ] lp . .
matgmal, human\hea'lth.. ‘o Experlments/de monstrations
. showing how eich component
i . effect plants, inimals, etc..
Problem e What are the alternatives | e Chatacterization of variables:”

types of emissions from al-
tetnative engires, éosts of
alternatives to driver, manu-,
facturer. -

impact of

on plants, animals, etc.

e Local organizations/individuals

involved in solution alternatives,
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-of materlals was based on clarity of presentatlon The experiments for

’ 1den’£1fy1ng each exhaust component were graded 1n terms of d1ff1culty level

and ?qupment needed These exper1ments follow d1rect°1y behind the variable

‘char:acter12at1ons in each subsect1on Appendix E shows the subsect1on de-

veloped for carbon monoxide. A 11st of local 1nd1v1duals and ongamzatlons
working in the problem area was, mcluded at the end of ’ﬁhe section, The
purpoﬁe of tf'us list was to prov1de teacbers with local contacts and potential
speakers. . o T *
The second mavjor section of the information package was concerned with
problem source and dealt w1th .questlons of gasolme composmon and the

internal combustion process The searcher was unable to find much material

in these areas that was at the appropr1ate level of soph1st1catlon . g;ét

—

of the characterlzatz,ons of gasoline and internal combust1on wdre highly
technical ." One simplified deS'cr1ptlon however, was located and included
in the product Th1s description prov1des d1agrams and textual descriptions )

of each step, in the internal combust_-1pn process. A useful film was alset
identified . )

- £

.+ : : .
The section on Problem Impacts was divided into subsections by exhaust
AY

-

~

component as follows;- . - . - ’
® - General Impact of Air Polhition
o Effects of Carbon Monoxide -
M Effects ~of N.itrogen‘ Oxides -
5 Effects of Hydrocarbons . K
e Effects of Sulfur Oxides. E ; ¢
o- Effects of Leaa - T o
Eac\,h subsection included tables and figures showing the 1mpact of various
levels of each chem1cal on plants, an1mals mater1als and human health
In some instances sectlons of articles descrlbmg effects on health were also
1ncluded. Followmg edch d1scuss1o‘n of effects were exper1ments which

L 4

¢ e




dern_onstrated those effects in the laboratory. Appendix E shows an example

-

i

subsection. < ’ \ \

The final section of the package was devoted to Problem Selutions and
Costs. This section contained variable characterizatiohs and;ifects for &
alternative squtlons in three (:ategorles These are: ‘

¢ Emis sion Control Dev1ces

' ¢ "Alter at1ve -Fuels

e Alternative Engme Configurations.
The vari 431e characterlzatlons described each alternative in terms of chemical
emissions and in terms of the €osts to the driver and the manufacturer associ-
ated with adopting that alternative. Variable effects included the impacaof
each alternative on the environment. The material used in creating these
products ‘were diagrams, tables, brief writte'n descriptions, recommended
films and lists of o?ganlzatlons 1nv\1/ed 1n research on solution alternatlves
An exdmple from this sectlon is shown 1n Appendlx E.

Table 11 shows:the nees® and products wh1ch°are associated with
the.information package on sohd waste disposal methods. It can be sé‘en
- from this table that the package sections and corresponding products have
the same structure as those d1scus sed for the package on the automoblle as. ‘ BN
a source of pollution. The primary dlfference between the two packages is .
that the solid waste d1sposal package contains fewer graphics and more ' .

written di?SC{lpthn This difference is a funcfion &f the nature of the liter

ature generat bout the two problems; tEere was far more quantitative -

informat1on avallable on the automobile and its em1sslons The organization
-of the sohd waste dlsposal package is'as follows: N

-® Problem Des\cription ) : ", i

Composition of solid waste

Collection of waste

Disposal of waste as a source of pollution

.
~




Table 11.
/

Information Package:

Solid Waste Dispoesal Methods

As A Source of Pollution

Package
Section

Nee&s

Products

g Problem
Description

® What is solid waste and
how much-is there?

e What are the problems with

collection and disposal?

@ What forms of pollution
are a result of various
disposal methods?

® Variable characterizations:

amounts and types of solid
- waste; disposal problems and
pollution. .

e Experiments/demonstrations to

identify ppllution caused by
disposal techniques.

® Local organizations/findividuals .

working in problem- area.

| Problem
| Source

e What are the disposal .
procedures which cause
pollution?

e What packaging materials
create a solid waste
problem and why?

e Variable characterizations:
description of packaging ma-

terials and procedures for dis-

posing of these materials.

° Experiments/demonstfatiﬁ of
how disposal cause pollution..

Problem
Ieract 'f

® What are the effects of
solid waste on the en-

vironment ? -
8=

e What?are the effects of
pollutants from disposal -

processes on plants,’
animals,  humans?

® Variable effects:
impact of pollutants.

results show-

e Experiments/demonstrations of

pollution effects on plants,
.animals, étc.

v
3

Problem

Coésts

Solutions and’

® What are the alternatives

to existing methods of
solid“waste disposal.

® Varia ble effects:

® Variable characterizations:
descriptions: of each’ altern-
. atlve and its cost . /

impact of

alternative on the envirenment.

working on alternative.

’

» Local organizations/individuals
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e Problem Sour:e: Disposal Methods and Packaging

Dumps and how they are operated

),
ks

- Landfill techr}iqties . 7 .

- incirreration processes - o | . j

- Packaging that is not disposable. ' ) o o K
" @ Ploblem Impact T ‘ - i

-

~ The effects of collection.methods on emplo‘yees

- The effects-of pollution céused by each a)osal method
on plants, animals, humans

e Problem Solutions and Costs

"~ Alternatives to existing collection methods

’r

~ - Modification of incineration procedures
~ Creating fuel from solid waste BT
-~ Resource recovery and recycling ’ﬂ . '_
E J- Creating disposable‘packaging ’ - F:\~Na$:§ v . f -

‘range of sources. Where p0331b1e the'se descriptions were followed by

Each subsection in Problem Description, Problem Source and Problem Impact

-

included descriptive material composed of a series of extracts from a wide

laboratory exercises, As w1th the automobile” package, all experiments were
graded in terms of level of difficulty and equipment availability.( The section /.
on Problem Solutigns end‘Qosts did not contain any experiments. Descriptions
of u'sef{il films and tapes \‘/vere presented in each major section'.' The'se de~
scriptions included abstracts, costs and rental instrpf:tione. THe total -
p.ackage vs;as compdlsed of;140spages.

Both packages were revnawed by three high school teachers andone
junior high school teacher " All indicatéd that the material was organized and
presented in a logical fashion, and that the coverage was complete, clear
and at the appropriate level of sophistication both for teacher preparation

and direct student use. . T
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D. College Professor .

-

1. Tasks qud Products

€

The college professor was mterested -in compiling information from

]

the literature to supplement and support lectures on. selected top1cs in env1ron-

mental chemistry. Two top1cs were chosen for 1nformatlon product develop-

ment: Trace Metals in the Chesapeake Bay; Urban and Stratospheric Ozone.

Table 12 shows the needs and products associated with these topic “

areas. It can be seen from this t_able that the needs and products follow«é

the same format in each topic area. The_need was for variable characterizations
which'describe sources, concentrations and behavior of the variables and for
variable effects products which providesdata on the _impact or influence of

. each variable.

2. Search Process and P;oduct Preparation

\
The search for materials was conducted by a graduate student in the

School of Library and Infermation Service at the University of Maryland.

~ ’

Table 12 .' Environmental Chemistry Course: Needs and Information Products

.

" Products

(3

" @ Variable characterizations:
.* soufces, concentrations and be-
*  haviors of each trace metal.

N\ {

o Varia(lgle effects: tables, figures,
- showing toxicity levels of each
1" & trace metal for various biota.

P

e What are the sources, concentra-"

/
stratospheric ozone?

_tions, mobilities of urban ozone;

@ What are the effects of various
concentrations of ozone? ’

<

¢ Variable characterizations:
‘sources, concentrations, be-
havior of ozone.

@ Variable effects:

data on ozone

and its influence on'weather.

—

—

o
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. Approx1mate1y 100 hours were required to 1%”t}f M&lroe%%btai‘h and extract
the needed information for the products. The major sources of information
3 : 'useq in characterizing the sources, mobility, concentrations and sinks of ‘
trace metals in the Chesapeake Bay were r‘egiorial‘technical reports 'sponsored
by the Environmental Protection Agency and the Office of Water Resources.
. The professional jownal literafure, for the most part, did not provitﬂe informa-

tion on this local qu:stion. “The product on the toxicit§1 of trace metals

-

included material from both the technical and the professional literature.

The search for materials on the c‘hara‘cteris'tics and effects of urban and
etratospheric'oZone was based on the pro?essional journal literature. -Tha
process steps.and.the proportion of time spent in accomplishin; each step
were similar to those used in creating the research information packages.
(See .Figure 1, page 27.) The most useful blbhographlc source was Chemical
o -Abstra‘ots , All citations 1dent1f1ed as relevant through tms source were .
locat'ed,‘rev1ewed, analyze_d as keys to additional relevant material, and .
extracted into appropriate package sections. '

-

3. Prototype Products

" The characterization of trace metals and the effects of \zarious‘
concentrations of these metals on biota was mtegrated into one~mf0rmatlon
package This package was designed primarily for student use as qupple—
ment to mformatlon prov1ded through lectures. The orgamzatlon of material
was by maJor river or Bay area such as Susquehanna R1ver, Baltimore Harbor,
etc. Within ‘each river the mformatlon obtained was d1v1ded into sources,
concentrations, mobilities, and sinks. The material on effects was fncluded
as a separate section. Most of the information presenteé in the products was
in the\forr,n of tables, figures ano'l maps. Some examples of these data pre--
s7ntationé are shown in Appendix F. The total paci<age was 80 pages in

length.

Ne
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All material characterizing and describing the effects of urban ozone

-was integrated into one package. The material on stratospheric ozone and

1ts role ‘m weather modification formed another package. Both packages

) were orgamzed by the maJor sections 'of sources, transportability character-

1s£:1cs and effects 'Here agam the focus was on data and its interpretation

.

The presentatlon formats were similar to those used in the research products

Each of these packages cons1sted of approx1mately 75 pages.

e
-

i




: - IR SUMMARY AND CONCLUSIONS

The results of the project showed that both researchers and teachers in
the Environmental Sc1ences do "?wqulre derivative 1nformat10n products of
several kinds, both content and method oriented. These product require-
ments are in response to gpecific task-related needs- The difterences in
research and teaching tasks provide some intere\sting contrasts with regard
to structure, level of sophisticatiorl and durability of needed information

- ' products

Research product needs arise in a context of speclfmc task-related de—

cisions which the researcher must resolve. In the case studies, both re- "f\//
searchers had formulated general hypotheses: i.e., some herb1c1de related
(;ompounds are responS1ble for the decline of aquatic plants; some food additlve-
related ‘compounds promote hyperkinetic behav1or in children Each researcher
needed derivative information products in order to progress toward ‘;‘t’l"le‘deslgn
of specific e*perimental efforts. The general purpose of the products iP,each
case was to reveal the more promising alternatives and/or to remove some
number of alternatives from further consideration. T e . j"
Specific structure of a required produ%\t is highly)i\ndividualistlc, re -
" fiecting the researcher's background and knowledge of the problem arga. For

example, the researcher with the herbicide problem was a chemist and pre-

used herbicideS° a botanist given the, same researchlproblem preferre

ferred to attack the problem from the toxicity characteristics ‘§'f the locally-
J\to begin

with a;ev;lew of the vulnerabillty ‘characteristics of 'the local aquatlc/plants .
Produot requirements parallel the researcher's strategy of approach to ,
the problem. For example, the researcher with “the food addit1ve hypzerkinesis
problem started with a product néed based on the hyperkinesis-diet l/iterature .
The strategy being one of efficiency: if the product revealed patterns of diet~
hyperkinetic behav1or the diet components could be analyzed for common

- additives, and the researcher would have quickly identifie¥ the most promisirig . -

‘ -
1 et 1

|

|
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- making but rather to assist in presenting known principles an

-
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chemical compounds for experimentation In the present case, 'the information.
product revealed no high- conf1dence relationships; the status of the diet-
behavior research literature did not provide a basis for strong conclusions of
the kind neede.d for the‘researcher to proceed. Consequently, the researcher's
next step was to review lists of food additives, characterized by echemical
structure, for the presénce of compounds which had(ea;;blished effects on
more fundamental physiological processes et the cell and organ level.

Teacher product rjeeds arise.in the context of#tasks such as lecture
preparation and reading selection. - In performing thesg tasks the teacher is
concerned Wif_tl organizing information in a fashion which maximizesscommun-
ication to students. The need for information is not as anvi put to decision-

X! facts in a
coherent, 1nterest1ng and comprehenS1ble form. Therefore the teacher does
n\ot requ1re°the mosttlp-to-date, highly technical experimental results needed -
by the researcher buf rather.a clear presentat1on of information at the textbook w

5%

and science magazine level of soph1st1cat1on -

The structure and organizatlon of the information product is guided by
the teacher's approach to the topic area. I—lowever, products developed for .
one teacher should ‘have applications for other teachers using a similar ap-
proach. In the present teacher case study, the two information products were
designed around practical environmental problems. Both the product on
automobile exhaust and the product on-solid waste disposal, contained sectlons
on problem descr1ptlon problem source, problem impact and problem solutions
Any teacher interested in communicating to studentsf?on'the practical environ-
mental problems of automobile \eahaust and solid waste pollution should find
these products useful. ) ¢ .

The products developed for teachers have more durab1lity than those
des1gned for researchers =} researcher needs an information product to help '

perform a research pProject task. Once the task is completed, the product has -
. - . )

$
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served its.purpose. A’ teacher can use the same product several times to
,communicate to different groups of students Qver time a product may re- .

quire updating but much of the original material describing scientific prmC1ples.

¢
> '

should remain useful. . N _
The &eneral evaluations Of products by researchers anﬁeachers suggest

that research results presented with a minimum of contextual information are

usable m developmg a further understandmg of the variables in question

That is; it is pbossible to satisfy mformation needs through a compilation of

literature extracts and these extracts “can be used by researchers and teachers

without additional descriptive material from original articles. In order to L

substantiate these findings, more detailed methods of product evaluation &re w

needed. In the present study, product users were asked to evaluate products

from two standpomts . First, did the mformation in the product help satisfy

the task-related J:x.eeds'> Second, was the information presented in the product

usable without re?erence to the whole article? As stated abeove, the responses

frOm both researc} andt—eachers were generally pos1t1ve, bath groups felt

the products wer omplete and workable, However these evdluations lacked B

specificity. Onegeasgn for the lack of specific response was the size of the

products and the time allowed for evaluatlon A second réason” was the time

lag assomated w1th produc development. In all gases the users proceeded

“with. their task& wh}le 7prodt}cts were being developed. A third reason was

the generality of the questfions posed by the’product developers., - Further work

&
< o -2

is needed toward designi‘ng a more responsive evaluation systein.

All information products were prepared by mformation s;ggcialists using . 3
traditional bibhqgraphic tools The major expenditure of tiiﬂé‘?and effort in ) i
the” product development process was devoted to the 1dentif1cation and retrieval g

.of relevant doguments. This part of the procedure required 75% of the searcher s

time’ for both research products and teacher products while materiaJ\QMraction o \

and compilation involved 25%. These figu suggest that an investment of




a relatively small amount of time can result in the development of products
which specifically focus on the needs of the individual user. The user can *
be provided with an organized compilation of excerpts as opposed to a set
, of full text documents.
0 > . - he
-~ . ’ . ©
Qv -
»
° ﬁ" ~
L3 . . ’
€
1
. Py » I .
o
i g R - . .
. o * - =
= . - - Lt oo =
. o “ ° - ~ \‘"L’; -
] ~ - : AN
-4 ’ g - T . - N
- e w R, : T ~ R
- [ IS i M
o * te B
. ; 2. - - ° o o . ‘ ~
B - o ) , ’ . e T ~ . - -
. /o .
. . . ~ -
- \ .. . . - a. o -
- - . & : :
- - ° . o - . 5o
N . oo . .- y -, ;
. ¢ . s
. 56 * ®
e 3 0®
i ‘,,‘ . : - O
3 e - e 8 N ~ o j » ‘
O N A . LN o ’,/ - . . b TP
ERIC : 68 : i
B i \ . . % <L ° S
- . . o s . o




7 Py , - %~
{ , *
- ‘q 3'1 \
APPENDIX A .
: INTERVIEW GUIDES . "
. x ) \ :
i S v,
F 4 / ‘ ! . . IS
. r . .
e ‘ . .
% . :
\ J :
- ’
. \/ H }
\ » L4 A . \ -~ ‘
N o . ¢
] ) .
\ s
£
M ’ !
4+ -




Interview Guide .

Labotatory Manipulation Research -

-

/ ( 1, D_efine Research Problem - ‘

o Out of what context did the research problem arise: a literature
review, pFIOI&I‘SOﬂal research work, an applied problem area?

e What was the. purpose of the study? , .

,\ X Wllat' boundéries were imposed on the scope of the problem?

e What information resources/products were used at this stage of

, 'research{l'a}ming? . .
o 2 e

» 2. Identify' and Describe Variables

° What var1ables were considered relevan®tto the problem area?

e How was the variable domain pared down for purpcses of the *
experiment and how were selécted variables handled?. sys-
tematically varied, held constant, randomized, taken as is

- ~ any measured? . .

e What infgrmation support was required at this stage: lists of
/N variables, ropert1es of compounds characteristics of organisms,
known inter ctions among variables’?

" 3. Select Measurement Methods

-~

What is the dependent variable - What will be measured’?

-

‘e How will measurements be made?
A -

e Is there a need to make measurements which are~comparable -~

-~

with other research studies? - :

and development of methodology? What is the best format for pre-
. senting this information?
.t . v

4. Develop Experimental Design CE

' e What information about methods is needed to proceed in selection
|
|

e What were the main considerations in selectipg the design:
- factorial Vs, correlational for” example

e Did this task require information support? Could available materials
be imprqved upon? _ -

70




Select/Develop and Obtain Test Materials and Apparatus

e How did you decide on apparatus requirements? Did you build it
yourself or buy components and assemble’?

. @ How did you obtain requiréd compounds/orgdnisms, etg.?

¢ How-did you select/obtain measurement equipment?,

e Were there information resources available for thege tasks?
Did you have problems in their use? How could the information
support be improved?

~ ¢ -

. Maintaip Sample Compounds/Organisms . ‘ -

e How did you insure sample integrity: purify of compounds, Sur- .

vival of organisms, etc? Did you find a need for information--w
support here, ‘could there. be better information product% sup~ _
porting this task? , ~

Data Collection ' (e

-~ v N

i J .
® Were these tasks done manually or withmqq;utgf%upport?

Were there information support needs in this task area?

Analyze Data

e. What are the methods of analysis?
® Are compu;cers required?

e Will statistical tests be uséd? | _
® Wha %nformati"on is required to facilitate this analysis?

10.

Interpretation of Res{xlts .
o )

® How was research related to prior knowledge in the field? Data
comparisons, functions’ compared, graphic or tabular integration
of other research results? - . .

Report Results - -
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* Interview Guide \

. Field Observation Research

Define Research Problem

N ~

® What is the purpose gf the study? i
e How was research problem selected? .

® Was any information needed to help in‘boundmg the problem ( 3
statement™?
)

Characterize Research Environment

e What is the research environment -
etc.?

€am, bay, marsh,

e What do you need to know about environment before research
can be initiated? v .

- Physiological ‘characteristics
- Interaction between plants, plants and animals, etc.

e Is information needed for this description? What is the best
format?

~

Select Si)ecific Research Site(s)
e Where will research be conducted?
e What criteria are used for selection? g ‘ - -

e What kind of information is needed to assist this process”
What format?

Selection Mea surement Methods

’

e What 1s the dependent variable - What will be measured”
e How will measurements be made? ,

e Is there a need to make measurements which are comparable with
.other research studies?

¢ What information about methods is needed to proceed in selection
and development of methodology? What is the best format for
presenting this information?

-

W



Select/ Develop Apparatus

"

e What ap‘paratus is required?
e Is it available or does it have to be built?

e Is the construction and/or operation of the apparatus under-
stood, is information support required?

Develop. Data Collection and Sampling Plan

¢ How many samples will be taken? J

:j@uently will samples be taken? ’
Is information from other research efforts imp‘artant to the data
collection plan. . .- N\

Collect Samples ¥

’ \
. @ Any problems in implementing the methodology, taking me@‘rle-

ments? e
/

Analjze Samples, Analyze Data _

® What are methods of analysis?

e Are computers required for analysis?

‘e Will statistical tests be used?

e What information is requireq to facilitate this analysis?

.

Interpret “Results

o Is,re data compared to results from other research?

" @ What needs to be known about other research to make adequate

comparisonsg ?" . ' ..

Remrt Results




T ) Ihterview Guide

»

- N ' " Teaching : " .

1. Select Course Objectives

.'o What are the objectives/purposes of the course?

e How should the course effect or change the students? Increase
knowledge, skill, change attitudes? .

-

2, Determine Course Format > -

e How is material presented - lecture, discussion, readiag,
: laboratory, field work ?

e What presentatiOn ,?ethod is emphasized’? . “5

Is there an attempt at integratmg lecture, laboratory, etc.?

g
3. Eelect Course Topics . ‘

\gL\that top1cs have been selected for presentatlon’?
e What criteria were used for their selection?

“® What types of inofrmation support was used in this selection
process? What type of support would have been most useful?

4, Select Student Reading '
° Are students given outside reading assignments?
® What is the purpose of outside reading? ,

" @ What criterja were used in selection of reading materials in
addition to the top1c (content) coverage’?

.5 "Prepare. for Lécture/Discussion ' . —

° What types of information support aré needed when preparing
presentations on familiar topics? On,unfamiliar topics"

® What formats are most useful for class presentatiOn tables,
~ .  charts, tapes pictures, text, films- slides'? '

°l

6... Select Laboratory Exercises

2

® What are he laboratory exercises: content, level, etc.?

~— o Are the la oratory exercises integrated with the lec ure or other
parts of t e course’\ )

E A-7 4
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® How were exercises selected. - criteria?
Do'studer}tS'do independent projects?

- J N
® Is information support fequired in the selection of exercises? If ~ °
so, what specific types of information would be most useful?

® Do students need information ‘'support in performiﬁg exercises?
In writdng up results? oot .

1 ’

Select Field Exercises _
® What is the purpose of the field exercises? \

- l > -
® How are the field exercises selected? ( d

e Do the students require information support in performing these
exercises? What specifically is needed and ir what format? \ e
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CHEMICAL COMPOUNDS USED AS HERBICIDES T

=

MARYIAND

Q. <
A5

Atrazine - 95% use for corn '

Trade names - AAtraex - 80W .or AAtraex 4L

AAtram 20G
Aiatol 8P

-
-

Manuf. - Cibageigy 7
. .

v

Alachlor - 0% used for Eom and soybeans
Trade Name - Lasso '

Manuf. - Monsanto Co. \»,

3. Lienuron - 92% use for soybeans
Trade Name -~ Lorox
N Manuf, - DuPoht
4,

Paraquat - 85 % use for soybeans .
Trade Names - Gramoxone '

Manuf. - ICI Plant Protection, Limited,

' N
Trade Name --Orotho-paraquat
4

Manuf. - Chevroﬁ Chemical Co.

PR
x

Chloropropham ~ 30% use on alfalfa -

- 5.

Trade Némes - Furloe

Chl‘oroﬁc’:‘
S‘Qroixtnip
Manuf. - PPC Industries )

Simazine - 30% use on alfalfa and corn .

Trade Name -  Princep
Manuf. - Cibageigy

i
ol

o

]
R




e

ko ‘ ~

3

7. Trifluralin - 20% use on soybeans. - i,

Trade Names - Treflan 4
' Trefanocide \
. Elancolane )
Lo v

Manuf. - Elanco Products Co. . ' ‘, v

0 "’

=« 8. Dinoseb - 15% use on soybeans and alfalfa

Tiade Name - Premerge Weed Kjller

Manuf. - Dow Chemical Co. \ b
Tfrade Name -  Basanite 5

Manuf. - BASS bo, Germany : \3

-

9. Chlorbromuron - 10% use on soybeans

Trade Name -  Bromex - | s N‘“ o \ ,‘1
- “  Manuf. - Nor-Am " )
) Tradé Name - Maloran ,
s Manuf. - Cibageigy Tf?’ . e
R N | e
10. Butylate - 10% use on com -~ ' ’ , PN
, Irade Name - Sutane. _ . «° S . o

d -~

Manuf, - Stauffer Cn;he{ffi%:fa’ld*go. ) ‘Tw : -

- \\
C -
J'{\ ~

d1:.+2,4-D - low volatile ester -:*‘40—50% use on small grains’

-

~ Trade Names - Weedon, Chipman, Esteron, etc. (30-40 different trade name‘is)‘

12. EPTC - 10% use ongfalfa S - # &
. Jrade Names - Epta'ne o T ’ .
Knox Weed ' ‘ B o
: . © Eradican. | ) ’_ o o~

A,oManuf — 7Stauffer\Chemica1 Co.
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13.. Benefine, Benefluralin (common

N

Balan

Balfin

Trade Names -

" Banafine

. ‘ Quilan
7 - ,
Manuf. - Elanco Products Co.

-
.
-
* -
.
N
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3
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names) - 15% for clover and alfalfa
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t . ' \’ ) 4
5 A\
Order/of Herbit:(;des Based on Tons of Use as Estimated by J. V. Parochetti, X
University of Maryland, -Y e ‘ ~ '
1. Alachlor - hii;h percentage increase in use since 1968. . ] - i ﬁ
2. Atrazine : . ‘ ’ . T
3. Linuron ' ' /“ o j\
. S
4. Dinoseb Z
>. Paraquat - very unlikely as cause of plant debrease, highly adsorbed to o
’ soil and will not desorb (Parochitti) ~e
' 6. Simazine v
7. Butylate - '
3
8. Trlfluralm - unlikely as cause of plant decrease, leaches little, in- '
corporated into soil‘(Parka and Worth, 1965) .
. ~ e ‘
9. EPTC v ° T CC
10. Chlorbomﬁron _ :
. L ‘
11, 2-4-D . . -
12 Iégnefin . ! _ D .
. \\ . . i N w * N
13. ‘Chlorpropham : - , ‘
b i )
ra ” f
L
| .
. s
A; 3 s
. 8-6 . - 1. b
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- : ¢ AQUATIC PLANTS OF THE CHESAPEAKE BAY : A

(in order of relative abundance)

&
-

*]1, Widg'eongrass (Ruppia maxzitima) . . R
*2. Redhead-grass (Potamogetén pérfol;at::s) ) .
*3. Eelgr
**4, Algae

s (Zostera marina) . °
A

'
PO

-

13. Coontail (Ceratophyllum demersum)

. 14, Slender pondweed (.Potamoge:ton pusillus)

r 15. Waterchestnut (Trapa natans)

‘a

) - Tes

1Kerwin, Munro andvPeterson. Di’st{ibution and abundance of aquatic vegeta-
-~ - tion in the Upper Chesap\e\i@Bay, 1971-1974. . September 1975 (draft). )
. = -

*Food sources for Water fowl,
**Included Genera Ulva, Enteromorpha, Cefamium, Polysiphonia, etc.‘ -
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I. COLORINGS

Gertifie:d Coforings _

1. Amaranth, FD&C Red No. 2, C.I. #16185

2 Erythrosine, FD&C Red No. 3,7C.I. #45430
| 3 Indigotene, FD&C Blue NWI’ #73015
‘4. Tartrazine, FD&C Yellow No. 5, (3.1, #19140
5
6

Fast Green FCF, FD&C Green No. 3, C.1. #42053

. . Ponceau SX, FD&C Red No. 4, C.I. #14700 (maraschmo cherries -
. max 150 ppm)

. Sunset Yellow FCF FC&C Yellow No 6, C.I. #15985
Brilliant Blue FCF, FD&C Blue No. 1 . C.I. #42090 .
Bénzyl Violet 4B, FD&C Violet No. 1, G.1. #42640

Citrus Red No. 2, C1trus Red No. 2, C.I. #12156 (orange skins -
. max. 2 ppm)

surfpces - max. 150 ppm) .

?

Ora;ge B, Orange B, C.I. — (frankfurter and sausage casings and

~—.“FD&C Red No. 40, C.I. -
Colorings Previously Cerfified | .
- 1. Light Green SF Yellowish FD&C Green No. 2, 1907-1966

Napthol Yellow X (Sodium S&lts), FD&C Yellow No. 1, 1907-1959,
C.I. #10316 ‘

.Orange 1, FD&C Orange No. 1, 1907-1956
Ponceau 3R, FD&C Red No. 1, 1907-1961, C.I. #16155
Sudan 1 ' .

— 1918 - withdrawn 6 mos. after certification
Butter Yellow ) ’
Yellow AB, FD&C Yellow No. 3,-1918-1959, C.i. #11380
Yellow OB, FD&C Yellow No_. 4, 1918-1959, C. . #11390
Guinea Green, FD&C Green No. 1, 1923-1966

Napthol YeIlow‘S (Potassmm Salts), FD&C Yellow No. 2, 1939-—1959,‘
C.I. #10316 ,

Orange SS, FD&C Orange No 2,,;1939 1956
.01l Red XO, FD&C Red No. 32, 1939 ]9/56

12

-
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;P
II. FIAVORINGS

. Acetophenone

. Benzaldehyde '
Benzyl Benzoate

. Benzyl Salicylate .
Ci;l\namaldehyde ~

Cinnamic Acid C ‘ v
. Dimet}jgfl\Ahthrahilate-
;" Ethyl Anthtanilate ’ .
t 9, '
10", “Z-Ethylbutyraliehyde
11. E’g}._ly_l~ Cinnamate _
12. Ethyl Salfcylate
13. ‘éugenol v

O N O, U W N

Ethyl Benzoate

14 " Isoamyl Salicylate
) .

15. Isobutyl Phenylacetate

16. Isobutyh 'Saiicyll’ate

P

17. Isoeugenol ]
18. p-Methoxygenazldehyde |
19. Methyl Arlmthrani}ate .

. 20. Methyl Benzoate .
21. Methyl Salicylaté
22, Phénqlf.hyl Phen’ylacetate C

LS

Phenéth_yl Salicylate °
]

24 . "Phenylacetic Acid

25, Vanillin =~

W

ey
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+HI. PRESERVATIVES®

. Butylated Hydroxymethwlphenol

o

1
2. Butylated Hydroxyanisole (BHA)
3. Butylated Hyd;osyt{lliene (BHT)
4. '\Qfﬁzﬁé Acid
5. Sodium Benzoate -

‘ -

3
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(Ruppia Maritima) ender rondweec  ~ (Zostera Marina) {
(Potamogeton, sp) ] .
{ Alachlor Frank
Atrazine lfrénk, I—iodgson, Comes (1963) Jo
> Johnson (1965) wal
. Walker (1964) v
Linuron‘ - Lawrence (1965 - ‘La
Dinoseb’ . S
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. APPENDIXD
. EXAMPLES FROM HERBICIDE PRODUCT +

.

. ) Dinoseb
Mechanisms of Action*Ag ainst Weeds

Chemical Structure

s
Adsorption in Soils
2 . - T
Leaching in Soils - #
. Effects of Rainfall ' (T
¢ ¢ @
Volatilization
". Effects of Microorganisms ’
Effects of Sunlight
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. Information Broduct Outiines‘

! 8

G

Content Overview — A-1 Identification: e

¥ —

Time History of Chemical Chang;e

\

Chemical Compounds Used - " Effects of Effects’of _ Effects of . Other Effects
by Area Farmers ir Herbicides .| Microorganisms Sunlight Leaching Through Soil . [ o
. 7 #y ' ‘ R - ! : +
Dmoseb\rf . /S - ) There is microbjal | Does break Sotubility in Wwater at Vapor pressure at s
_ ' breakdown and | down in 25°C = 0.0052 151.1°C'= 1 mm Hg.
%2 S(ei r:e,tgl{;ro . ldirfliitr?-jzenm dinoseb doesn't sunlight. Nof tightly adsorbed on ‘ (Herbicide Hand-
ylpropyl) build up in the ‘(Matsuoand gutly book, 1974) /
dinitro 1) -| mast soils, Can leach. - .
soil. Casida,. .4 N o
. . in porbus sandy soils,” [.Volatilization is one
or . (Herbicide Hand- | 1970) 4 hod due '
' \ book , 1976) but under normal con- method of residue * |
Dinitro-o—sec-butylphenol T, - ditions it shouldn't dissipation:- - b
On silt loam . leach out of the top (Matsuo and™*
{r treated for 3“yrs. foot of soil in the -. Casida, 1970) °
t 6 Ib/a, 15 1b/a first year. '
CH H, — at, ' , :
C 2 CH3 - |“and 30 lb/a. | (Herbicide Handbook,' | .
2 CH@ - .| Dinoseb-showed-a-——— 1974) e
’ ' s |9 possibility to ac- - ‘
RF value -,0 %4 i
Meltin int = 38-39° . : el
a po C _cu::;late over the (Guardigli, Chow and
ye oL Lefar) E.
’ (Jenes and. , ‘ -~
Andrews) '
- " ;-6@# R
N - Herbicidal action s ] ; .
usually lost . ' N e ‘
! - within 2-4 wks.
: ‘\ (Mullison, 1970) . \
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Behavior in Plants : ‘
n? Physiological and Biochemical Behavior ) -
1. Folia(' absorption ch'aracteristics: Prmmpally direct Contact effect( .
Salts ily wa shed ‘from foliage; 011 so.lutlorﬁrnore resmtant‘ N
* 2. Translocatlon characterfstlcs~ Essentlalby no true translocatlon A -
f
) * .
i #. No residues have been traced to fohar Lar—reot«uptake .. T
3. Mechanism of actlon. Direct cell necrosis. ‘
-,
4, Biological properties other than herbicidal: Has fu.ngicidal and
insecticidal properties. . / ) .
< v * > . -
o Herbicide Handbook (1974) . N
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- The adsorption of DNBP in shown in Figure 1., Most striking are*‘*the
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v . Table 4. Distuibutiof of dmitro § in .\orfolk sandy loara leached with Ly inch
- of water.
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Dinosep on Apples - Volatility or Leaching_

Table 2,

Application of [_140:| Dinoseb and Atm,‘%sphe’ric\ Exposure

Distribution of Radioactivity in Apples After Topical

!

o

After 24 hrs. - about 20% radroact1V1ty lost
" After 28 days - 70% lost .

Hawkins and Saggers {1974),

_

R Recovery of [140‘] After Exposure (% dose)
) Fruit Skins Flesh Tissues .
" Period of® I\'/Iethyl.ene Water- . I\'/Iethy.lene Water-
_Dichloride- Dichloride- ;
Atmospherlc Soluble Soluble ‘Total
Exposure Sotuble Constituents ‘ goluble Constituents
Constituents - Constituents )
3 N L} B ~ -
0.5h 90.9 - 4.4 Noné . None _ 95.3
4.0 h 81.7 - 11.8". None - ' None 93.5
8.0 h. 69..6 14.4 None " None 84.0 | |
1 day 68.7 9.1 1.3 None 79.1.) "
2 day. 52.6 "9.3 5.2 None 67.1 |
.4 days. 34.2 20.2 6.7 None 61.1.
~8day - | - 17.2 21.2 .2 9.6 ..,1. None : 48.0
« 16 day . 3.1 18.1 7.4° = None | 28.6 |
21 day C 5.4 ; -13.7. 7.6 None 26,7
‘28 day 6.7 13.2 8:2 None 28.1

Pe'stic. Sci .{, p 499

- N - ; a Y LS
Table 3. RF Values on Thin- Layer Plates of Authentic Reference Compounds
Solvent ~System '
. -; e Toluene-Methanol 5
‘ R S thorofor,rn " (3:1, Y Bthanct R
N : D
Dinobuton ', _ ! 072 076", 0.66
Dinoseb 071 - 20:87 | 0.65
2-Amino-4-nitro-6-s~ butyl\ ot L o .l . N
- -phenol” : 0.13 3 0.53° 0.63 ..
, 3~(3,5~Dinitro-2- hydroxyphenyl) - . e A
~butyric acid . 0.03 - Q.18 0.46 :
4 d L k3 bl —
S “ " Hawkins and Saggers (1974), Pestic Sci‘, P. 503«,
' s f , \ . ] s 'ha\\ ,\ ‘
t, ./ *“,, . - - :] .@ ,;. A .
. .- D213, v L
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"+ \Dinoseb on Apples - Volatility or Leaching (continued) ..
) A ! -
)v!efhylene dichloride ~ soluble fractiou from skms contained the uncha.nged ' ]
o ‘¢ - .
' compound (J 5% of origindl, after 28 days) . L *
- . . B b

) Greatest—proportion of radioactivity after 8 hours aSSociatéd wifh poiar trans-

formation produ»cts - 1nclud1ng two cornpoundq chromatrographylcally~51m11ar

.,
~ )

to the amino compound and the carboxylxc acid. ‘ o ) A

. ®

P
<

LR
-

Hawkins and Sagger's (1974)

-

Pestic, Sci.,

Dinoseb - Fate on Apples . - e N .

. R,eadily converted into pola{ and water-fS" luble’ transformation prbcfucts >
vy :

%

2- amino ~4-nitro- 6~s bUtylphenol (111 a.nd 3- (3 5-dinitre~2- hydroxypj@nyl
‘ butyric acid (IV) . and were formed by hydrolysts of the ester followed by

- v

_ "&ither reduction of a nitro group or oxidation of the termal carbon in the ~

‘sr

After application - large amounts of material are lost from 'the surface by Ieachmg

~or volatilLation
=

' The material remaining undergoes tran%formation either by photochemical or

L enzymatze actmn to give more polar, produqts~ ~ -

N

1
!

»

¢ .,

~0

9 q, e o » .
‘ -butyl 51de cha‘m respectiyely ol T f R
. o , N - \
HoN* C,HCHZCHQ, . o N CHCHZCO H -
CHy 5 2 \/"'\/ &=,
K B ) _ ) . U CH3 * \: .
i > 1 - ;.. . s.‘ : R . [
£} NOZ N~(32 . . * L 4
(iII) ' . ) vy v, e e
Amino Compound N ' - Carboxylic Ao ’ )

i

Hawkins and Saggers (1974 Pesti,c 801 s P 502
. /

s .
-

v

ch - »»7«5'

7\\,“ AR «{‘ \3 . 7 " ’7\3’1
Hawl ns and Saggers (1974) Pestic 801 ” p 503




. Effect of Microorganisms * - y

Kllngman (S) reports that 4, 6-ld1n1tro -0-secr butylphenol is very rapldly .

Tapidly broken down in the 'soil, lasting only 3to § weeks under warm, m01st

conditions .. Warren (74) reviews the literature and concludes that once with1n

.the soil and under suitable conditions of temperature and m01sture\ it W1ll be

attacked and quickly decomposed by s01l microorganisms. At least 2 species

of Pseudpmonas have loeen reported tp utiliZe DNBP as a source of carbon and.

energy {71). In terms of t1me interval, m1croblolog1cal breakdown in s01l

occurs rapidly under warm; moist cond1t10ns Herb1C1dal actlon usually is

lost w1th1n 2 to 4 weeks under cond1t10ns conduc1ve to microbial activity'(5).

Also reported 1s lack of any residue from one year to the next and, consequently,

any bulld -up from yearly apphcatlons . Th1s material is not read_ly adsorbed'
T

by plant roots or translocated w1th1n the plant from ‘the leaves as it acts as a
contact herb1c1de Towers (73 ) points out that plants respond to the apph-
S .catlon of phenohc substances by converting them to. glycosides These are . - . =
. *  then transferred to s1tes of low metabollc actiwty where they remain until the
"dedth of the cell, Sf
PR Muilison (1970); p. 121- =
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-1 . The Lffect of Exposure to Sunlight .on Total Recovery of Radioactive Residues, o
- - . . . o ] LQ 3
. - from Bean leaves ‘Following Application of Ring-tl“-labeléd Dinobuton and Dinoseb 8 A )
Rt \ ‘ . oY
~ ' > = . . ¢ EJ? ’
¥ — . B i e
- " Recoverya) of radicactive compounds 1n residue, %. after application of N g .
. t. ’ . Hours of Dinobuton ! . Dinosebd - =
v - exposure to Products of Products Water- . Frogucts of Progucts . ! ! .t
N - sunlight Lino- Dipo- intermediate  at or near soluble Dino~ intermediate at or near . 3
after applic. butqn  5seb R values origin products Total . seb f values origin %@Iotal 5
. . . L e - - .
- o % - 4 0 0 0 100 100 0 0 100 9 '
. . . . . )
N 0.5 56 10 13- 8 . ' 14 101 78 12 4 94 o .
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" ~'Photodegradation - Effects of Sunlight (continued) , . . L

Volatllizatlon is one mechanism.of re31due dissipation for both compoun El

- because there is a. -progressive loss of the apphed radlocarbOn with time . . \
' A portion of the. _1abe1ed mater;als, is not extracted from the plant, accounting for

- ano:cher source of loss. The products I;ersisting for 2+hours or longerdgfter ' ,'

treatment mostly are degradation products, not dinobuton or dinoseb.”

‘ i g -
. ¢,
. CNJ' CHS 0’ ‘0' \CNB . ?”3 OM ']
. © ‘CN{CH N0z dinobuton CHs, fH NO,
) ‘§ - CHy ’
- c NO, ©  NO .
2 ' ester , ? [
. - . unkhown .
3 dinoseb o dingseb
T * phenol
_ unknowns products of
. ) origin - ongm intermediate
(% ] . , , Rt values
. . -—52. Ethy! acetate '
. ' & "
Fig. 1. Illustrative chromatograms showing TLC character-

X istics of labeled pfoducts ecovered from bean. foliage
treated* with ring-C -label£d pre-arations of dinobuton
(left) or dinoseb (right) and exposeﬂ to sunl1ght
. _
. ¢ *
Y Matsuo and Casida (1970)
- . ) ) ' Bull. of environ. contam. & Tox.,
o1 * - % ‘ ‘ p. 74 ¢ ‘
. 3 . . '
/ * nd .., ’
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Photodegradation - Effects of Sunhght (continued)

Under the’ photoconditions used d1noseb converts to more persistent
products of lower Rf values. The ime-sequence involved sugg that, as
with d'inob‘ut,on: the products re ning at or near the origin are the termi.,nal
products foun.d by the analyticai procedure employed.. Differentiation of

. intermediate'_products, and intercomparison of these products with unknowns
A and B"derived from.dinobuton, are not possiblé bec'ause'the. large amounfs of

interfering plant ext{actives present distufb the TLC patterns.

. . . have.photosensitizet activity. In similar studies involving photo-

. degradation’ under ultrdviolet hght dinoseb acetate as a thin film or a% an
oxygenated methanol solution yields tnace amounts of degradation products, N
several of which, by ultrav1olet and mass spectroscopy, appear to be 2 4-
dinitrophenols containing modifications on the sec-butyl grouping. 'fhe
chromatographic position {TLC) of pnenol\ unkown B is generally that associated
with isomeric 6-hydroxybutyl- and 6-butenyl-2, 4-dinitrophenols, based on

»

_ comparison with authentic compounds. Interfering materials in the plant

extractives make it difficult to compare the Rf values of the products of dinoseb

‘A
acetate photoly31s . Amino and diammo.derivatives of dinoseb chromatograph ’
at or near the origin in the-sdlvent systems used With some compounds other

¢« than dinobuton and dinoseb, photoreduction of nitro groups takes place when !
the irradiation is done under anaerobic conditions (4,s).. {
. i - . - ’
) . Matsue and Casida (1970) ~ A
’ - Bull. of environ. cont.am & Tox., :
e Y . e p. 77 s

» s .
/ . Lt ~ - *

| N :
‘ B £y

. .« . Also, a portion of the degradation followmg the application to bean
leaves may result from plant metabolism of ‘the penetrated materials, dinoseb

and certain esters of dinoseb are known to undergo nitro reduction and S1de

* " v N i - P
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Photodegradation - Effects of Sunlight {continued) '

¢ 0 .

chain oxidation on metabolism ih mammél..s (6). In any case, ~analyé,es madé
by methods which are specific for dinobuton and dinoseb, or foxj‘ other
diﬁiﬁ'ophenglgc pesticide chemicals, probably do not give a re';iable measure

of the residue content of plants treated with the respective pesticide

>

chemical. : 5 - . . -
.- . R 8 :
‘ ) W -
, - Matsuo.and Casida (1979) .
\ 4 4 .
. ) - Bull, of environ. contam’'& Tox.,
.. . * p. 78 : :
. * . ~ ’ ; ' ,
Jy N > -
- . - . -~ 9
:. ° . % ®
P ) . ' ' - h
., r" : . a ° - {* -
r » » ~ ‘ ' 4 ‘ ‘ ’
~ « A
- ‘ - > "
- ;' Y - = : ‘g
. ; c :
> ‘ f -‘ » -»
. —~ . - N
= ) ! N
g ( ‘
]
— ) - i i
2 , ’
4 N - .
‘ A ) )
- 31," . . . .
. v L. 3 - *
Vn L N <" } ’
- ;\ ) v A ‘, 'ﬁ?« -
. 3 e '
° . , N . . 4 o
<, * - Vel
. B : . / o -{l
r——ay - - -— 3 o £ D—19 / )
- N ’ - - -
’ ) O ¢ - ’ 1 09

) P




. Je LA . b .
"= .. EXAMPLES'FROM AUTOMOBILE PRODUCT
‘ e o ! »
P, A T -

-

‘ -Problem I?e‘écription:‘ Carbon Monoxide
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W

. Solutions angl Costs

Aruitoxt provided by Eic:




Y
1

. - y
Problem Description: Carbon Monoxide

A2
.
!

Environmental Pollution. William F: Andrews -
s ' w ' \

. - .
’ - " 45 CARBON MONOXIDE ' : " X

o

N ; (@) Sources. Carbon mgnoxide (CO),"a colorless, odorléss gas,
. «  accounts for more than §l% of the total annual air pollutant .
] . cthissions in North America. This gas is almost cntirely a man- + I
' K* made pollutant. The most significant source is incomplete com- '
' bustion, during which each carbon atom ‘combines with only enc .
atom of oxygen. Estimates show that automobile engines alonc ‘
" contribute more than 80% of the global carbon monoxide emis- . ”
) ~ sibns. Combustion in industry, power plants, residentia] heating, \ .
. . and refuse dispdsal accounts %or the remainder (Fig. 4-8). Photo- ' .
) ’ chemical reactions (reactions initiated by light) of hydrocarbons
: ' " in polluted atmospheres -also ) .produce tiny amounts of carbon -
monoxide. Very few natural-sources of this gas are known. Un- ’ :
¢ der abnormal conditions plants can produc&carbon monoxide: .
Certain ‘marine’organisms, such as jellyfish, cdn emit gas bubblgs'
contammg as much as 80% carbon monoxide. However, these
* natural contnbutnons are not cons:dered sxgmﬁcant . ‘

Gasckne motor vahicles T e R :.{59.0%
. * <

P

— I . ;
Diesel mBtor vehicles | 0.2% - . SR AJ

\

Transportation
_.é.i \

Alrcraftoraiifoads, vessels | *

° 3 * Industnal processes

. ‘ . Agncuituraiburning| ~ 718.3% L
- 4 Total emissions of carbon monoxide

Solid' wasle disposal | 1,‘7.8% 1.0x10° tons/yr i

y 1
B |__/—"L" "“—‘—“"M-w
Forest fires’ !&.2% : ! o

. Stationary sources of fuel combustion 1; 0% o

. _ (wood, coal, fuslol) . = - . i - (

. \ o Structural firgs, coa refuse burning JM% ' o

ol 4 .
. . . , .
v * e . . o

' Fig. 4-8, Nationwide'sourées of carbon monoxide emissions — = .
U.S. 1968. (Data.published by U.S. Department of Health
Bducation and Welfare.) - i S ) .

s0

S 5 & S .

k]




4

r T P .
Air Pollution. A. Nadler ‘ ;/_

. Table 2. Carbon I\‘/Ic';i{o/xide Levels at Various Locations

W
. . 7 , -
. Location / : . . CO Levels 'y
ST '/ (in average ppm s) ~
Los Angeles f‘r@e ays « 37 ” )
.. Los Angeles Fréeways’, slow, 54 ]
heavy traffi '
Los Angeley!, severe - 30" for o'ver, : *
inversio . s 8 hours
® ] —tn
Parking garage 59 )
Cincinflati intersection’ 20 ]
. Detrqgit, shon peak‘ - . 100
’ Detyoit, residential area . ‘ 2
Detroit, shopping area - 10 ¥
: dnhattan intersection +« | ; 15 all day long
. Slowed industrial exposure 50 recently 1éw- -
o / for 8 hours (for compari-' ered 'from 100
/ SOfl) ) ° -
, ﬁ;%l; ¢ .
- ) } \ //
- . w&‘[
T E-4 3
- Ha G .

» *
™
W
. -7
o5
4 1
"\
§
H
. .
.
AN
.
, -
[ i«
. ,i’:":,
[ &
A »
wewey Y]
“
S,
g ‘A %
“ ¢ &
. e
~ ) -t
'
PRI
- £
.3
.
“
s
.
’
PN
r P
¥
2
L]
H
'Y
- >



' N }

Level - Jr. Hig‘h. Topic:
7. ENVIRONMENT

Air Pollut:on——Deteet:on and
_ . Abatement
. RICHARD KRAFCHIK, Helping
' Teachet, Prince George’s County
i ~Public Schools,” Upper Marlboro,
; “7 Mayland, and .Participant, Aca-
demic Year Institute for Science
- . Supervisors, University of Maryland,
' - College Park i

Prince George's County is a suburb
of Washington, D.C., and has its share
of air polluton .as o result of heavy
commutei trallic and industy. . Lhere
is great mterest inpan pllution, even

~.atthe pesior high sehdol lebel, but there
are few matctialy o the shibject which
Yre appropriate for this fxie proup
Upon contacting the Brivision or \aj
Poliution Conirof of the county healih
department, 1t begame apparent | 1hat
Division st had been approachicd by*
many othor teachers ook for ante
rials i this ficld, lhc Diviaon ety

a;,n.ul lo,servetas R MO ot

terials, and set about Yevdlopme dem-

onstrations und prm' hents that .nuu\

be u<cd in the juni gh wchool clas
, Toom .md adapted 107 other Tevels s

- * well.! My role wits to beothat of “help
‘ ing teacher,” a luson, béween the -
vision dnd the schogls - R
Seven exercises W\.l\.zllt\\lnpui [Toin
samplmﬂ techhiques Lm.d sy e De .
partinent of [Health, Fducation, and
Welfare and by the Pmm George's
* County Dcpdmmnl of Health  In addi-
. .+ tion, the Diviwion drew ficely friom
' available sourcus; 1vo of the most use-
ful of these are listpd i the teferenees

at the end of this wtcde  The end-
product was a 10-p: agy teachers manual

. titled “Air Pollution Laperine n

- Somc of the experiments, \}}Lh as thart
illustratmyg. e deterioration of nylon,

arc undoubtedly familiar, ip.tc:lchcrs.

b

-
A

—_—
FThe matuds werceadtuglty winticn by Ticdah *

V. Wootton, Samtanan H, Dfisien of Au Pollution
Controt, and Jo Llep Boaker of ithe Department ofa
Healih I Jducation, Departinent of Hedth, Prince
George's Couaty, Maryland “Thev were ficld-tosted
by Michdle Bellante at the "llmmu Johnson Jumor
High Schoul, Prnee George's (unmv

5 Sl s arc avarlable at 1o cost from the
Prince G pd's County Department of Health, Divi-
sion of Awr Pollution Control, Cheverly, Maryl ind
20785  Scnd a sclf-addressed, 812 x 1)ainch ¢nvelppe
wh’ 32 conts relurn postage.

s

N

‘m diameter and 10 envindength. Tnside

Carbon Monoxide, Carbon Diox'iﬂe J

1 would, therefore. like to describe thyde
cxercises that may be less familiar. The
firs, Detection of C.nrbop, Monoxide
and Carbon Dioaide, illustrates the use
of detector tubes in identifying. pol-
lutants. The following (wo exerciscs,
Afterburner and Wet-Scrubber,, illys-
tratc current technological dcv;ccs rto
curt'ul air polivtion, '
tection of Curbon Monexide and
Carbon Dioxide
« Glass  detector  tubes pruvndu g
‘method for detenminmy ther ‘\IL\(IILL
of various gases e the atmosphaic, Thy
detecton tube s o cyhudiical glasy tuby
with closed ends appronamately 6 mm
thy tube ds o Channeal seagent sensitive
(0 the sy vl o deteet To use

the tube, the doed ends e siapped ,

ot and a aven colume ot the aun o be
tostad s pmnpm theoush the tube A
color Chunec accars that s addated o
sheNpemtiy ol e ga
sample

Fhe'd o diluc st peoblem with uxm\ﬁ
those by s trowiy the quantty of
RTTRUNTNININ *l.um"h xlum .‘\ 1ubbe
[ ih a 100 cm’ c.m.ncnly

vt M s..m) Apple-

vresont e the

(I\PH H\‘I

oavail |'§_\
JHICes \IS \; Campaiy,
possible to bur an IR PUBRIVE rubber
Imlh prnp nea deagstore .lml calibrdic’
Joocalibrae, the hull) 1

J0d the ain pissing

t.youssell
xqucwcd once.

theough it s diceted thiough a tabber ™

tube to a bottle wranged to colleet s
by the water-displacement method. The
Then
the numbar ol squeeses 1o achieve the
uqum.;l volunie of au low through the
d\h\.l‘(il,:ekﬁ% N comprted,
Pracedure., Obtaw i deteetor tube,
and carchully bireak open both ends.
‘Squgeze thic bulb, Place the ‘end of the
Clector, tube which i« more tightly
packéd with Crystals mto the rubber
tubing. M& an air-tight connceetion
by wrapping a cubber band around the
tubing that holds the detector fube,
Use the smoke emitted from the end

voliune displuced s measared

TMinc Safcty Apphances Company, Putishurgh,
Pennsylvamua 15208, MSA has detector lubes for
carbon munuxide, tarbon dioxide, sulfur dioxide,
and many other gases. A package of 12 tubes of
any dnc type costs approximately $7. Write for a
free catalog.

E-5

Shut it s alsor

° -

October ‘71, .p. 73
v

s

o < -
“of a cigarclic as a sourcc of carbon

dioxide. Kcep thc opén cnd of the
detector tube dircetly in the’ slrcam, of
smol\p, Relcase the ,bulb, thus suck-
ing onc hulb volmm, of guas through
1u,dctuclor tibe.  The bluc reagent
crystals in ihe tube will charige to a light
gray color in the presence of carbon
dioxide.! Mcasurc the length of the
gray sk ur\ then use the calibration scale
supphcd by MSA to galculate the pcr-
cdint 'by volume of e!rbqn dioxidc .in
cigardyte snioke. The ~ilue you will
abtain is only, .npproXnm%Qic, however,
swee one cannot control th¢ amount
al time the W v is in eontact with the re-
actor chemical when usmg a squecze
bulb. - .

-A similar procedure may be used to
test for canbon monoxide. Automobilc
exhaust may be used as a source of the
gas. (Caution: Carbon nionoxide is a
du.ully gas: do not 1un an automobile
notor in an-enélosed place.) ‘The yel-
low detector chemical will - become
brown in the presence of  carbon
momoarde * Measure” the length of the
Daown stain, and’consult the calibration

A seale to find the carbon monoxide con-

ent CTest fisst direetly at the carbon
monoxide yource; then vary the distanéos
from the source. You may wish (o fest
@ heavily traxeled arca such as a super-
highway at di erent times of the day.

The Department of Health., Educa-
tion. and has  cstablished
threshold limits foy cach of these gases.
The threshold limit is the maximum
safe allowable limit\of o specific gas in
the atmosphere.  Anything over this
limit is a-hazard to health."The thres-
hold limit for carbon djoxide is 5,000/
1,000,000 ('i 000 ppmY by volume of
ait. The thréshold lindjt for carbon
menozide is 50/1,000,000 (50 ppm)
“by volume of air.

Wet-Scrubber
[he wet-scrubber is one bf the-most
common anti-pollution  deyices cem-

R .

CCarbon dioxade detector-iabe rea§on: An os-
pane anune and  the fndicator thympl blae  are
npicgnated vn activated slunnaa Thede chemieals
whange from blue 1o nearly whie \\hcn in contact
with catbon dionide,

b Carbon monoxide (Iength of stam) dclccmr‘mbc
reaction, Carbon monoxide reacts with potassiums
pallado sulfite ampregnated on silivg el (0 give a

hrown stain. -

-
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ployed by industry. It depends on the\
fact that 'when a poliuted gas strcam is

brought into contact ‘with watery the.

pollutants arc absorbed by the water,
Procedurc: Sct up the apparatus as
shown in Figure 1. Place a paper

towel in a 500 mi flask, and place this.

above the ‘Bunsen burner. Using a
doublc-hole stopper that makes an air-
tight scal with the flask, insert a S-inch
,.,scctlon of glass tubing through onc of
the heles. The glass tubing should reach

approximately onc-haif inch from the:

"+ bottom of the flask.

.

PO

R ¢ ‘e thg secon

E

Insert a l-inch picee of ng tubma \

'into the other hole of the stopper. Con-
, Bect approximately” 1 foot of rubber
tubmg to the 1-imsh picce of glass tub-
ing, making surc that an airtight scal
exists.

mately three-fourths full of water.
‘Taking a sccond double-hole stopper,
place two_1-inch picces of glass tubing
into the top. holes. Conncct the rubber
tubing'from the first flask (the combus-
tion chamber) to one of the picces of
glass tubing’in the sccond stibper In-
sert the wide end of the glassmpinger
"into the bottom of the same hole in this
second stopper which is connccted to
the rubber tubing. The glass impinger
is a straight picce of glass tu\)ing drawn
to a smaller diameter at onc cnd, which

causcs the release of sialler bubbles,”

Thesc smaller bubbles bring more gas

in contact with the water..~Taking a

second picce of rubber tubing, connect

it to the remaining unused glass tubing.

Hook thxs)ubbcr tubing to a vacuum
. source.

Heat the first ﬂask (thc -combustion
chachr) until smoke appecars. Draw
a vacuumson the' systcm causing_ a
stream of smoke to be drawn throuqh

ﬂ(sk thc;rc t-scrybber) .
Obscrve th *chanpd ifi g color of the
 water. If sﬁlokc collccts in the second
iflask above the water, a’ sccond wet-

*scrubber can be added. \
» Afterburner

The compléte combustion of fucls
containing carbon and hydrogen yiclds

* Usc a water-siphon type draft on a fow.pressure
mechumcal pump  Too mugh pressure will pull
water through.

Q

Ric.

Aruitoxt provided by Eic:

- ‘
Fill a sccond 500 ml}ﬂask approxx- ’

Bpaper product

Figure 1. App‘aralus for demonstrating the
wel-scrubber, a device used*by industry to
remove poliutants from gases.

’ 2 (R

water vapor and carbon dioxide. Most
air pollution results from material that
is not completely burned. A fire that
$mokes is a famihar cxample of in-
complete combustion.  These smokcy
gases can be reigmited by an afterburner

. to cause the further comhmuon of the._

particles’that cause air polluuon
Procedure: Arrange a ring stand as
shown .in Finurc 2. Clamp a rubber
strip, and mount it under the inverted
funnel as shown. (Caution: “Use a

. . ’
|

complete
combustion

‘incomplete
combustion

, ting stand
;o

Flgure 2. The function of an afterburner In
reducing pollution can be shown.

u_"-/' L

”77,7"_"

Iy,
{f‘«“ Al fry,
,\
. I >
Fho

T glass impinger —TL ’“

\ F;,@vacuum'

-wetscrubbers "

small picce of rubber, but do not use
rubber bands or other rubber products
which_will “pop™ and cause burns.)
Ignite the rubber strip, thus pro- -

ducing. a black strcam of smoke, the
unburned ‘portion of the rubber. Make
sure that the strcam of smokg is di-
rected up through the funnel.” The fun-
nel is employed to simulate a chamber
compjlralblc to a boiler or incincrator.
The neek of the funnel is analogous to
a smohestach or chimney. Position a
Bunsen burner 'by hand above the-
strcam of smoke until the smoke is

completely burned and can no longer

be scen.
Explore with your classes the kinds

_ of industrics that use wet-scrubbers and

afterburners and the advantages andr
disadvantages associated-with cach. 0O

.
s

' References
1. Air Pollution Primer. WNational Tuber-
culosis aml Respiratory Discase Associa-
tion. New York. 1969.
. Hunter, Donald C., and Henry C, Woh-
lers; Editors.  Air Pollution Caperisnents
Jor Junior and Scenior Higlh Schaol Sci
ence Classes. Education Committee, Mid-
Atlantic States Scction, Air Pollution
Contro! Association. 1968. (This publi-
cation is available for $1 per copy. In
quantities of ten or mwre, pricc is 50
tents per copy, plus postage,  Requests
for copics should be addiéssed 10: St
dent Manual, Air Pollution Control A’
sociation, 4400 }ifth Avenue, Pittsburgh.

Pennsylvania 15213.)
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DETECTION OF ATMOSPHERIC CARBO& MONOXIDE

I. BACKGROUND ° | . »
\ ‘ S ‘
{/ " Carbon monoxide, an ?dorléSS and colorless gas’'has its origim

1 R . N . .

\ o

. by . \ .
in the incomplete combustion of carbonaceous materials; for example,
' ’ ! < R y L

auto exhaust. It has long been known as a noxious inhalant ‘that ‘has-its

‘effects because of a stxong afflnltx‘for comb1n1ng with the hemoglobtn&x-

) \ . l—'i.g?
of the blopd When a suff1c1ent amount of carbon monoxide attaches «%’

. . -
itself to the hemoglobln 1n the c1rcu1at1ng red blood cells, it reduces

v A -

~the availability of the hemoglobin to combine w1th oxygen, and thls

results, in the réﬁuctl?n of the afiount of oxygen avallable to the tlssue§\~‘

? ,. | ~ 3
¢ x(

There ‘are various methods for detectlon of carbon monox1de.,,Qne"

t' vr -

4

B

_in particula# - i§ the ufé}of N. B. S, Color1metr1c Indlcatlng Gel..

' > v

S N
to-

. (Natlonal Bureau of Standards manufacture thlS) The¢a1r,to be analyzed

N
”~. > v, g

is passed through a tube conta1n1ng a 5111ca gel 1mgregnated with
e

P

« 7 y [y

ammonium molybdate, sulfbrrc ac1d and pa11ad1um chloride. A yellow 5111c0~
- Y . °

) molybdate complexhls formed and the pa11ad1um serves -as a catalyst for
' 'II‘ . ‘ v . N
the reduction with carbon monoxide. Upon reductlon, the 1nd1cat1ng gel

N B .

,,,,4 o

turns from yellg% to e1ther a green or blue, depending on the concentrat10n~

N

“0f the carbon monoxide‘present.
. .\‘

II. OBJECTIVE’ ) é
P ’ . - .

To be uvie to. detect carbon monoxide in thg'alr._~

S, s )
v o S

III. STATEMENT OF THE PRoBiEM -u_,.f. % L

The purposg of~thm§ experlment is’ CO fam111arlze the student ©

"

w:Lth 51mp1e met‘i far detectlon of carbon monox1de in the axr

. »
«

R

Aruitoxt provided by Eic:
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IV. APPARATUS AND REAGENTS F v B \\ \' ; (
. B NN -
1. + Vacuum pump, “hand bulb\pump or vacuum line for drawing air: samvle .
Co. . through’ tube. . . . . . )
. ' f ¢ .. g . .
. 2. Absorbent cotton . ] -
L Y f . \
4F.VA§ Guard gq#* e R )
. Guar iy i
* 4, Indicating gel . SR “a
. P ) . o A
5. Glass (filter) tube, about a 7 im bore ; ~
6. Two:l-hone No., 000 cork stoppers ‘< : o .
.- 7. Sufficient tubing to fit 7 fm bore tube . e ¥ .

4
- . ‘

«8w. Two pieces of glass tube“aﬁproximately 1 inch eéché'

*The guard;gel and indicating gel may be purchasgd from:

¢ * Central Scientific Company : o N >
' . Division Of Cenco*Instruments €orp. _ , :
237 sheffield 'St. , PR ' i
' ” Mountainside, X.J. 07092 ' " w7 . i
Price 11‘% ¢ s
) Catalog #38530, Size 1P - Sillca Gel Ind1cating (6-16 Mesh)...$2 70 . |
.. Catalog #38532, Size 1P - Silica Gel Refrigeration ‘(Grade 6 12 Mesh),

< ...$2,10

B
ey e -
AT 3 . 4 3

I p! - s a

"V. PREPARATION OF FILTER TUBE - T -

* -
- . N ‘

1. Clean 7-mm bore filter tube with sulfuric acid, rinse with d1sti11ed
water. Maké sure tube is dry before using., -

me 2e Insert one glass tube into one hole No. OOO cork stopper.

ig - bl ! A - .
] A ) ® . ‘ T
’ v 3.=“Tnto$filterwtuﬁe, insert a small wad of absorbent cotton, so that it
v forms a loose pad against the cork. . B ]
L2 . s ; . > i
) 4, Fill the tube w1th 5 em length of guard gei’ .
5. Add 2 cm 1ength of indicating gel.’ N 4 £

*
hY

6. Then add a second 5 cm length of guard gel.
zw - .

7. Insert a cotton pad, tappjing the side of the filter twice gently,

making certain the filter #s packed firmly. * . ) - - ",
v ; ‘ (
é . ga. . ‘W‘ . ‘ N . ’
*Item checked ¥s not standard in most 'hi&h schools. . .
g . ) . E-8 ‘ ‘
- 1 . .
' l t - )
‘ Lo e A
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. P . .

.. . 2 . s . .
. 8. Insert second one hole 000 cork stopper; then, insert the '
. . L4 o - . .
¢ - ’
other glass tube,” X
e . . ’ - /
: - J ¢ Y
’ N -’ (’E}?\J < glass tube . - ' :
s [ ! ' . . ' ]
. - \\.’,\"QC" ” -\':—-!-—-—.—-p Q00 cork stopper . H
!,.%\ , i .
. .
. A NEN : s .
bl Y 1 e coOTtoOR . ]
v 4 ¢ ";:"'3. . - . !
i T guard gel
;'. e ™ , - { ,
! , . s
1 ) ’ ! ’ -
. .*v , ’ Pl D indicating gel . ‘°
2 { N )
. . .. B
guard ‘gel - ' : I", 5
. N - T ‘;:‘\f
cotton K
) ’ SR
S ‘ ) , 000 c.ork_stop{)o;er ) T u:_;‘
- Py L4 v d, v
- ' ) C gldss tube e .e® N
. VI. PROCEDURE ° - . - i ('
\ : .. ‘
. Connect a hose 1eading to a vacuum pump or vacuum line ,to the end -
\ [} 14;&‘%—'
~N of the tube. Pull atmOSpherJ,_q/a:Lr through the tubé unt"'l thé 1nd1cat1,ng
-
\ - gel turns to either green or blue; This is an indication of carbon o
monoxide, - \ ) . . Sy
. : . . e ﬁ*" ti Y
, ' A, Quantitative Test - ' . S 7 t
Yy, }o\rder to determlne the amount of carbon monoxide in'-the atmosphere,
eSS . " .
' known ambunts of carbon monox:Lde are passed through 1nd1cat1ng tubes, t:he
DN . resulting colors are used as standards to determlne funknown concentrations
. \ ‘ . . .
b by compa‘ring the colors obtained from pollu%ir, with standard colors.
v ’ ' ) . et
"\ VII. REFERENCE Lo -
' Be11 F.A,, Jr., N. B. S, Detector Tobe Met:hod“ for Carbon Monox:Lde in
“ . A e
. A:Lr, Techn1ca1 Asgdstance Branch D1vis1on of Air- Pollution, R K” Taft
. SanJ.tary Engineerlng Center,-, 1961 v, i
’ J . - .“
o - g, ) ‘ . .
. . B : i
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. Problem Impact: Sulfur Oxkide” ‘ S

. ° . ' |
0 . . . ° !
- s - . . N

" Environmental Pollutiqn., William F, Andrews . . e . s

—_— ‘: ' . . . . + | , v . .
Effects of Sulfur Oxxdes Sulfur oxides combinc with \
Inoisture to form sulfurous acid and the extremely corrosive sul-

furic acid. ) : -~ . . C

,~ Sulfur Dioxide + Water — Sulfurous Acid - . .
SOL 130 O—PHgSO;

) ’ . Sultur '1 nox:dc + Watcr — Sulfuric Acid
'S0y + 1.0 > H,S0,
B L4
,Each day, thé air which you‘ inhale p‘mc‘s throunh the N
nasal cavny and the windpipe to contact dircctly an afca 25 -
w T times greater than your exposed skin surface, This region is pro- '
vided by te tiny membranes of your lungs. Every square ingh of
+ your respiratory system provides moisture, an ideal reactant for
L .. the sulfur oxides which.enter your system. (’l'hcy also irritate the ,
l"ﬁ" eyes and the skin’) How is the delicate lung tissue affected? Clini- B ) = .
cal studies on humans are surprisingly limited to date. Yet evcn ) ‘

. “’%ﬁ- if sulfur, dioxide were not regarded as 'a health hazard, . . o .
destiuctive natyre would wartant ﬁ)e rdmoval of this gas. from ) AN : .
the air. " :

Acids formmg in the atmosphere fall w1th rain and cre-
ate havoc with crops and wild plants. Since lichens storc the -

= acids in their roots and then die, botanists use them as indicators
" of sulfur dioxide fallout. This accurate {est has designated On- :
tario citic$ such as Sudbury, Hamllton and Torontq as “lichen CE S .,

. deserts” because these plants cannot survive in the surrounding ‘

_.areas. The numeroys crop plants killed, even at low fallout lev-
-els, include ‘wheat, barley,. oats, White pine, colton, alfalfa, L
buckwheat, sugar beet, and a score of others. Within a 20 mile \\
g radius of-Kingston, Tennegsee, 90% of the white pin¢ trees have R ’
<, been killed: Sulfur dioxide from'a Tennessee Valley Authonty LI S
) power plant is the recognized culprit. Over 50 ) years ago, two cop-' —
) per smelters near Ducktown, Tenngssee;: *feleased cnough air- =
’ . < borne sulfur to pojson the surrounding ! soil. Even'%oday,\thxs\land\ RU
) remains ajmost totally devoid of Vegé‘lauon il
- Concentrations of .airborne sulfuf compounds also -
T threaten aquatic life. Rain and snow absorb thése compoupds
and carry the resultmg acids into, soil, rivers,” lakes, and-ponds.
Most aquatlc organisms cannot survive when the pH falls below

/ - L %% C . ' +SulfurDioxide ' 111

= «

)
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S FIGURE 43 .
LR ) - Deaths and Air Pollution in"London, 1952
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. ‘ : 3 . - .
' Environmental Science Lab Manual, 1972, :

Effects of sulfur diexide L

S

-

N - |
: : ' . - |
\ - Sulfur dioxide ’ Measurement ’
. concentration, ppm Exposure period and effect metho(s .
. . Yearly exposure . - )
: ‘Trace Metal corrosion beging, v PbO, candle !
" 0.01 to 0:02 - Significant metal corrasion PbO, candle’
’ . T Irdpaired pulmonary function . . PbO, candle, West- < -
' . . , Gaeke .
i Increased cardiovascular. morbidity . PbO, candle, West-
: L Gaeke . ’
. 0.02 to 0.03 . Increased respiratory death fates for area PbO, candle G
Lot . . studied J .
4 Detectable chronic |n1ury to’ perenmal Thomas autometer Yo >
’ vegetatlon‘ g v .
, T . : 2- to 4-day exposure Co
J 0.07 to 0.25 Hospital admissions for cardlorespuatory H, 0 -
o . diseases increase -
* ¥ ==+, 0.20 to 0.30 for 3 days Rhinitis, sore throat, cough, and eye: By e[ectroconductivity
A ; ‘ irritation rates increased - )
. Y .20 to 0.86 for 3 days Cardiorespiratory mortality mcreased H,0; =
o A T . Acute vegetation injury ¢ Pure gas « )
’ 24-hour exposure ' 4 .
021 Bronchitic patients’ health deteriorates H,0, -
0.25 Increased total death rafes : H,0, ' .
L \\ 028 Detectable injury to sensitive vegetation  Pure gas
] &/\‘! T EE - . Brief exposures :
e T 2 0.04 ot \ Visibility reduced to 10 miles at 70% Calculated effect
e S . relative humidity : -
E:‘i 0.08 e Cortical conditioned reflexes produced; (No method indicated) .
~ : " repeated 10-second exposures, - , )
T 0.10 T Visibility reduced to 4 miles at 70% Calculated, effect )
, " o ) humidity ~* :
030 . Taste threshold y Pure gas : ..
. ) 0.50 i . VlSlblhty reduced to 0.85 mule at 70% Calculated effect
s . humldnty
L. 0.5 for 1 sec ) _ Odor threshold Pure gas
05for4hr ~ " Detectable injury to sensitive vegetahon’ Pure gas
. 0.5 for 7 . Acute injury to frées and shrubs Pure gas
1.0 for 10 min Respiration and pulse rates increase .Pure gas - “ .
1.6 for 1 ta 5 min *threshotd for |nducmg measurablé bron- Pure gas - , ' -
. choconstnctlon in healthy people o T .
McGuiness, B. J. 1968. Pmblems of air pollution. Manuscript presénted at Purdue University,
Indlanapolls, Indiana.
128 )
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. PURPOSE:
ﬂf&EL:
'SUBJECT: '
 CONCEPT:
PROBLEM:
REFERENCE:

—

ACTIVITY:

?ffects of 805 - Teaching Activities in Environ .‘ Education

cIT-3 Health'Considerations-—air quality.}
. ~ . { g

~ ¢ ‘ . N “

To' 6bserve the effects of sutfur Qioxide on certain

macerial. -
10-12 - C . .
) : . . _
sy

e ' a

Science

Iv-1 Organisms and environments are' in constant change. ..
- . ““ ’

|
"A SupﬁlEﬁentary'Program for Environmental Education-~

Science," Project I—C-E, 1927 Main Street, Green Bay,"
WI 54301, : ‘ e

‘Use a chemistry laboracorv manual -of instruction in K

producing sulfur didxide (SOZ) from S + 09 or

. NagS03 + HyS0/. Follow the procedure.carefully and -

observe all safety rules.¢Collect several boctles of’

" pure SOz. ) y . . »
Using th: bottles of pureesoz, immerse such materials
as plant tissue, animal tissue, natural fibers, and //
syntheti: fibers into the gas, .Observe changes in these !
materials after an hour and after 24 hours. . 8
- ' - — -
Locate -local in8ustries which produce S0, ﬁg.a;by- .

product. Ask representacives of these groups to discuss
vith the class how the company tries to eliminate 504
from its digcharge. ;

’
- N ’- . s
. . ——




Solutions and Costs - L . \

- o Y A} B ~

.o Solutions: Stratified Charge Engine - A,LookN Under the Hood

The stratified charge,engine — Onefof the modifications, ¥hown as a three-
valve, stratified charge, carbureted engine, is being developed by a Japanese
firm. Three vehicles using this engine have completed EPA'S 50,000~-mile dur-
ability tests and have met the 1975 standards In a stratified charge engine,
the central idea is'to supply a rich m1xture.near the point of ignition inside the -
cylinder. But the rest of the mixture is kept lean. This helps to reduce the
mass of nitrogen 6xides formed, allowing better burnmg of hydrocarbons and
- carbon monoxide. e .

W

' The Japanese firm's engche has’a conventional block pistons and spark
. plugs. Only the cylinder hea intake and exhaust manifolds are modified,_
. and two carburetors are-used- m,stead of one. - .

-

. ' The essential part of th1s system is a,smal], pre-combystion chamber in (
the cylinder head. The small chamber contains the spark plug. Arich air/fuel
mixture is supplied to"this chamb by one carburetor through the third valve.

A lean air, ‘fyel mixture 1s supplied by the other carburetorto the normal chamber
through the norma} intakes (1). The rich mixture in'the small chamber (2] pro-
. vides good ignition, and the flame spreads to the lean mxxture in the main
chamber (3). Burning in the cyli%der is slower and more eff1c1ent than in con-
ventional engines and by prolongmg thre combustion most exhaust pollutants
are burned up inside the cylinder. Test results suggest a gain, rather than
‘loss, in fuel economy with this system N N . o :

A National Academy of Sciences report says the strat1f1ed charge engine
. should be capable of meeting the 1976 standards,"if used“on small cars,
. Maintenance should be no greater than is required by 1973 conventional * \
engines. Fuel economy should be comparable to 1972 engines and superior,
to @ 1976 conventional engine equippped with the dual catalyst control system.,
. I . : \ | - N A
\ . STRATIFIED CHARGE SYSTEM - . .

| - e . - ‘*0 ~
- RICH PRE COMBUSTION
. ) FUEL-AIR =~ CHAMBER . .
N , MIXTUREZ[o } .
LEAN ™ ™ N Jte
2t FUEL-AIR =3 - . . .
- %0% (] MIXTURE i? ;. "
) N ;o - . LY i e
© | O@ @ 4})
& / - <
L ((]. © .
- 1. INTAKE 2. COMPRESSION 3. POWER 4. EXHAUST, ", .
' ) ‘ a K - ‘ :S' 4
. ) . - . r~\<
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Solutions: Stirling'Enginn — A Look Under the Hood -
. . ‘ .
* *
) ", STIRLING ENGINE
N > -
’ = . : Ty
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: z
por
S .
x -
- m
’1 r *
. o
. «
. - . 2
N . s
A -
LT e —
’\\, ¢ 2 N

" The Stirlmg engine — This is an extemal combustlon heat engine. Fuel

enters at the intake (1) and byrns in the combustion chamber (2). which heats
gas (hydrog n) in tubes (3). the heated gas expands and forces the\pistOn
(4) to tum;LW ashplate (5) that rotates-the drive shaft (6). The gas meves
into a cooli:gg&%chamber (7), and‘the process is repeated. The engine has
lows hydrocai'bon and carbon monox1de emissions but is a little high on .
nitrogen oxides . A prototype engine is reportedly heavy, complex and ex-

pensive. « S o7
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Aruitoxt provided by Eic:
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Solutions:

Diesel Engine — A Look Under the Hood

. COMBUSTION PROCESS
. IN DIESEL ENGINE - '
D NOZZLE
@ -
.t e duot Alk
. o « 1IN
MIXTURE | : * JCYLINDER.
~ OF AIR -} T ’

AND FUEL}.,”
DROPLETS Y

f i PlSTON*I ?
33 - }

O RE SN LN,

Lol

The Diesel engine - In the diesel process only air 1s compressed in the

cylinder, while fuel is mJected late in the compression stroke and'is ignited
by the heat of compression. This engine has been tested successfully ing”
EPA laboratories and meets Fedetal emission limits on carbon monoxide anél
hydrocarbons. It also obtains'75 percent better fuel economy than a con-

‘véntional internal combustion engine of the séme'wei’ght/
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Solution's: Wankel Engine - Teacher s Envuonmental Resource Unit:

The Automoblle

€ nme e—————————— s T e

, : : HOW THE WANKEL WORKS

INTAKE
As the piston at right _ {,]
starts downward in % e
the cylinder, it opens _{‘V"- S
a valve at the top and |} “ \
draws in a gas-air 479
mixture. In the @)\
Wam{el this "charge" <
lows into.the chamber when one
of the three points.of the triang-
ular rotor sweeps past an intake
port (white arrow) in the wall.,
COMPRE‘S@ON oo

. FA&H}&WankeL rotor - L
turns, the gas (in. dark "10‘5-

gray area) is pushed 1 m
toward the spark plug, !
while a second peint 6f .
the triangle trails @
¥%.across the intake port - ~-.
and covers it moinentarily. At
right, the valve shuts as the
~ piston starts upward,beginning
s * to compress the fuel mix.

‘ -
1 , e

RA v e eric
S, e g

By . -
s “ - - hd - auy

* The rotor cleans house .
by sweeping the waste }g, ;

IGNITION ©
As the rotor face moves .,:y‘,{.
down the comparatively =

flat side wall, the gas is N IR
ignited and expanded, pro- {o ‘t— N
viding the thrust to keep < EN
the rotor turning. At o] X ?‘

right, ignition propels T
the piston on its downward
"power stroke."

EXHAUST

products of combustion
out an-exhaust port (white
arrow). While this com-
pletes the final phase, \ ’
new cycles*have alteady - .

~ begun in what is a continuous pro=.

cess. In the conventional piston
engine, the exhgdst goes out through
a second valve

up for the last. txme.

- z
! -

SO . B 736’ .

e piston thrusts -




' 1. INTAKE

—— ]

. .

.
In the Wankel, the mtake, compression, . N
power and exhaust functions take place
almost simultaneously in only one turn

v

of the three- Iobed rotor. -

WANKEL OR ROTARY ENGINE ‘ i : B -

* 2. COMPRESSICN 3. POWER 4 EXHAUST <

’Wankel or rotary engine — Another ]apanese manufacturer is using a totally dif-
ferent type of spark-ignited engine and £Enfission control This engine is known
as the Wankel/ or rotary. The emission control is callea a thermal reactor. A -
compact car equipped with this system meets the emission standards for 1975.

<

The Wankel, Or rotary, engine has no pistons or conventlonal valves. Instead,
the engine block contains one or more rotors shaped like triangles. These rotate
on an eccentric shaft irl a rotor hous1ng Compression and combustion of fuel
take place as the volume changes between the rotor and the housing oo

A thermal reactor is a high-temperature chamber that replaces the conventional
engine's exhaust manifold. In the Japanese firm's syé@em hot gases from the
rotary engine enter the reactor where further burning of hydrocarbons and carbon
monoxide occurs. . . N ) .

The Japanese-made car with this system does not yet meet the original stringent
standards (90 percent reduction from uncontrolled cars) for emissions of nitro~
gen oxides, but durability tests_suggest that the rotary with thermal reactor .

is superior to the dual-catalyst system. Compared to 1973 conventional engines,
however, the rotary uses more fuel.

e

)

A fuel penalty of 30 percent is pr/edlcte(t. '
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éas Turbine — A Look Under the Hood

T f
The gas turbine is potentiafly
reliable and _quiet. It uses a single
combustion chamber and com-
bustion is continuous, Power'is
-generated when heat expands «
gases fram the combustor to drive
a high-speed turbine. Powér from:
Jhe moving turbine is then trans.
mitted through a set of gears to’
the car's transmission. An
advantage of the turbingé is-that -
combustion can be adjusted for .
~very efficient burning of the fuels
-and minimum pollutants in the
exhaust. However, it has problems
of highfuel consumption and
low acceleration.

G:AS TURBINE

IGNITER

.
ui ot .
.‘0'-‘4,‘?’(‘&0

'

FUEL Q e

begites T

AIR _p 7.
INTAKE "o © ;

™y

- vy e v
B IEI - YRy F TR,

AHn 2 Ly

. ] POWER
COMPRESSOR TURBINE

-

FINAL DRIVE GEARS
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* Table 6. Characteristics of Alternate Propulsion Svusiems

(Notc: Values arafor engines only, as syntheszed in 1971)
v

Unnt
C ot .
(9

‘. : © Weght  TFuonbmy
oo 3 " :
System 1y pe Power (th) {mpsr)

Baseline - Current Standard ICF 165 hp 965 910

Advanced Sputk.lgnmnn 1CL-. 130 hp
Advanced Diesel System 150 hp
Raotary Combustion ( WanKel) System 1SO hp
Ruankine Cycle System . 150 hp

-

150 hp -

Brayton Cycle (Gas Turbine) System

Strling Cycle System 150 hp

Hybnd. Heat Engine/Flectnie (N1-Zn) 1 ngne

. 100 hp

B i Storage
3 Kw-hr

A)

~

. Hybrid: Heat Fngine/t lywheel Fnjne 1010
- ) J00 hp
v ‘ Slorage
37T Kw-hr

Lléetne: Alkal Metal Battery (Li-S) 150 hp I 6 ' 10673
Kwhr/mi

Flectne uel Cell 150 hp 14.0 10,000

AFuiToxt Provided by ERIC
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APPENDIX F )
EXAMPLES FROM ‘TRACE METAL PRODUCT

.
a8
a
4
.
LY
-
of
N . = R -
N
N—a
‘ ’
. o ~
- L
. .
.
N <
- . o -
~ -3
Y
v
"
,
»
I 2 &
. o -
- .
' P
J- A D]
/
. /
.
A I
»
° »
.
’ .
e :
N N

=) SEES
)
v
v
-
-
’
t
- .
\
’ N
N
.
.
- .
.
S
b r
.
3
.
’
. . -
-
- -
.
. -
v
L]
?
. -
-~
N .
. ~
-
t
.
.
B A}
-
»
¥
\
- - Fg
- . N
N % ¢
+ o4 .
.
>
’
.
.
.
4 -
.
' iy
. .o e
Ar' \ 1,




.y

‘  CADMIUM (mg/Kg) S
BALTIMORE HARBOR . . '
PATAPSCO RIVER ., - S

HAWKINS
S PT

. ...‘...——'--9--.""'""
e s - o g . e sy

.
. 3 ‘

~ LEGEND.




D L

CADMIUM (mg /Kg)

"BALTIMORE HARBOR
NORTHWEST & MIDDLE BRANCH

© . VI-1Y

~I“‘:lgure 5

NAUTICAL: MILES

7.4

4 ’ \
\:sWQW\\\\\\..\\

-
.

-~

{




N . L .
E:%' » N -‘;}’ ‘\
’ él | ’ ‘ S R * e ® 6
- A ) ) ( ‘ : ‘ ‘ .
N ~ CHROMIUM (mg/Kg) L “““‘.
Fcl . ’ x‘{.
oo L %24 ORE HARBOR'
LY y :
W PAPAPSCO  RIVER g
' R ‘
4 . (\’ |
- ~ "I | ":
" / . o 1 £ sy -
. e ——— T'S CR \ I\p:.
NAUTICAL MLES CU ’ ‘,
..‘ '3 .. E: ‘-‘;'
i . ‘ | |
N]‘:;:::.. ] ; '
] Eo-/ FISHING .
- A N ( ’T.h 2825,
. ey N‘ : :
. N ) maa.) ] -
. ¢ / ] ' : ‘!
| | § J " 7 w1l 4
\ N ‘
HAWKINS
] 2o \,‘A
] s | |
! .
heli
™
5
*x

QR o 2 &
. Y . . 86 -~ 250 ®
' T e @1

\/Q

- >1000




VI-13

B

- A

CHRSMIUM (mg/Kgl
“ BALTIMORE HARBOR

L)

LA XA
> 1
H.\ -~ @ o .
< . EE,
< B N BB
o : .
o - >y /38
- nnn
<x s
w 4
Qe
o Iz
P _
oN -
. “w -
el - =
3 w
T
n
5
[ d
o; -~
SN
#Y
#
1)
)
LY -#W\

A

{]

X3

1,000

>1,000

. 250




S ~_ COPPER {mg7Kg) ) .
S - BALTIMORE HARBOR .
t - ' PATAPSCO  RIVER R R

P :

o
* o ? '
- N \‘ ©
¢ ! '
¢ R .

v - ..

. i A .

t .. 0 [ '

. " , . CRE -\; P ‘ . . ‘ .
E NAUTICAL MILES o CURT'S . . ‘ ;

-,
. 1 -
v - . t b »
i . . “
- d by - ~ N
o. ". 3.
TR ol [ .\ *
< - N PT. x> T .
\ S
. 7
o - ! [Vane \ .
. - . and ¥
’ : \ a
- . MR -] -\
ay o -
S0 o . . HAWKINS 558 \
) . PT. ax . -
o) e . b -
7 pane se *
. L - -~ L
) 5‘ sap-eua} )
-m\
8 T
. <
~ y
, 39 SYGASOLLERS PY. B
1
eauk
} b
T oo N
b & ) 4
+ =
Hit:
A g
b

SPARROWS

[}

PT.

OLD ROAD BAY

LEGEND

& L‘ - ‘ | |

s \,,? “ -850 - 250 @ .
e e @
_"‘}‘ 250 -~ 'poo . . '

Lt T>000 w |

e ; T _

e - = f, ~ Yz I TTT

. . R - SaedE - e )
. .




.
.-
|
|
s 4
!.
\
| N
B N
<&
e -
-
‘J
-
¥
. :

- COPPER Tmg7Kg)
BALTIMO RE HARBOR

NORTH}NEST & MlDDL_E BRANCH
' 1 o} t
NAUTICAL MILES

L‘i ;-; %
': A -é‘: )
3 Y 1 . k%
s ’3 (I, )
» QJ .".

ceed

i theioa)
g
/?7‘,9,”,

;

re o]
remus

\
\ T3
\ "w
\
1 5
A
ﬁﬁ H:L\] .
1]
.
- AT Y ..,... .1 I3 e N
HHE. y . {.....o.o Sacae KN
. ool
</t N o > ,Q'Q
B 7 gl \\s
g
-
* h - 2 angen -
1T H
4 -
»
DOnVIoE
.

! .
~ P -
= i
« at ,
, "
-
F-8
155

: LEGE\V)

a‘% ity wtaiarey A Soiy

-50

250 @

1,000
31,000

A‘F

O

:-"'W'

- o




g - . e .
: . Figure 30 °
N
; LEAD (mg/Kg)
, BALTIMORE HARBOR . | -
\ - : R .
. . PATAPSCO ™ RIVERg . -
- A *
> . -
- . . R ) .
, . .
. K 0 v ) REE :
e ———
RTIS %
: NAUTICAL MNILES CU
R C : AR, ‘
r:,‘ . Bl . b $
N ene L L FISHING > )
i ' . N ? ) R4 ) .':‘-E:‘" ] )
-;__—_.——-——'_——_-7 4 z . T
. B . i 0
) Q:’ ! -
) l —
I L]
- * s HAWKINS .."a '
N P,
. Q - M
a . A sas
L 555 |\
L, EN . r H 4 ‘ N
. ‘”i Iy SPARROWS o
“4 HH '55 PY. .,
f it . [N/ : -
‘ HH  OLO ROAD BAY . f - -
1 o %N‘.‘# :";; 5}2@‘
| 2 i % ILEGEND ", ‘
f! : {{ | . 2
l . d e
: ool - so "“
/ > 5 -~ 250 ® s
( .’ : ‘ t
CH, S v :
d“ ES‘A,L?Q‘,/(E. Bay , : 25}5 - ",ooo D .. “
s
- ) - >1000 - O .
s . F-9 o
‘ - 136, L )
: ; . " i i . %;’;r ‘.'1




' .TABIE VI

TALS IN BALTIMORE HARBOR, DELAWARE RIVER,.
~ POTOMAC RIVER AND- JAMES ‘RIVER SEDIMENTS

RN

T \ - Baltimore Delaware  Potomac James
Metal - - “Harbor?2?2 Bdver22 - Riverl7 K _ Riverls K -
Chromium, mg/kg N RO
Low _ 10~ 8 20 NO
Average = |92 58 - L
High 5745 . 172 80 DATA
- Copper, mg/kg- ' e ‘
. Low <l N w10 NO
Average 2 * 73 . L :
High 2926 201 LT 60 DATA
Lead, mg/kg, : - o \" e ..
Low <1 26 20 - .k
. Average 3 . 5° - 27
High 13850 805 00 55
Zinc, mg/kg - . o
- Low o3 137 125 10
Average 888 523 -— 131
High 6040 ©136L - 1000 708
"9% - . . . . .
Cadmiiin, mg/kg . T TR
~  Low <* o<1 < NO
. Average 6.3-6.6 2.9-3.1 -- .
High . _ 654 17 . . .60 DATA
— ' f
_Nicl‘el, mg/kg ' . . \
' .Low T2 No . . 20% -No
. Average 36 . e
- High - .94 . DATA U5 . DpATA .
: o -
. ° . . :
Manganese, mg/kg -.. ’ ‘ .
.. _Low 121- NQ : 500 NO
D= sAverage- 739 \ =-
. . High . 2721 DATA 14800 DATA
Rkt W r ' d * v .
Mercury, mg/kg C : C
Low <0l . <01 . L0l 02 |
Averagé 1.17 - ~ L9 . . o .32
. R ‘. . L ‘ High ] 12020 - 6. 97 ' 003 1.00 ’
N i &£ . .
o ;4,:- Dat‘f; taken from tables - ranges only -
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. TARLE vITTe3r 2
CONCENTRATION OF HEAVY METALS IN EARTH'S CRUST, AVG.’ RANGE
[ i .
a N *
o . Metal - Range, mg/kg
\ghromtun T .10 - 100.00 .
Copper koo - 55.00
Lead - 7.00 - 20.00 .
'+ Zinc 16.00 - 95.00 ° )
. , Cadmium ‘ 05 - 30 L
Nickel 2,00 « T75.00 “
Manganese _ 50.00 =~ 1100.00
Mercury "oy .03 - ko
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